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Abstract 
 
 
As time passes and technology gets more developed it is applied in every aspect in 
human life. One of the applications in which we have the most to gain is in the use of 
composite materials being used as engineering building materials. Currently these 
composites are replacing foundation building materials such as steel and wood. Since 
the composites are made of different materials they can possess different mechanical 
properties and this is the source of their popularity. One main characteristic a desired 
from a composite is a cheap cost. Cheap efficient filler is required to make the 
composite more cost effective. 
 
This study tests a composite composed of Envirospheres, phenolic resin, and a 
catalyst. Envirospheres are small ceramic spheres that can be used as the filler in a 
composite. Envirospheres are becoming increasingly popular because of their 
strength and heat resistant properties. The most optimal cost savings would be if the 
composite can be made with as much Envirospheres as possible. Although to possess 
the strongest cost to strength ratio this may no be the case; therefore 8 different 
sample types have been produced. The samples are mixed in percentage by weight to 
resin and catalyst, starting at 0 % and going as high as 35 % in 5 % intervals. After 
the samples are cured and removed from the mould they are post-cured. The post-
cure operation is to add desired mechanical properties, like strength and possibly 
flexibility. After the sample is post-cured the testing is conducted using a flexural 
testing machine. The flexural strength, strain and young's modulus have been 
calculated from the data retrieved from the test. The results are then tabulated and 
compared to previous testing and a confirmed optimal percentage has been presented 
in the final chapter. 
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1 Introduction 
 
1.1 Introduction 
 
In this chapter the project outline will be described along with the purpose of the 
report. The purpose of the report is to find the filler to resin and catalyst mixture to 
optimize flexural strength characteristics. 
 
1.2 Project Topic 
 
Flexural strength SLG-reinforced phenolic composites cured in microwaves. 
 
1.3 The Problem 
 
Composites are being increasingly used in a wide range of structures such as 
aerospace, marine, transportation and civil engineering. Applications in aerospace, 
marine and transport are very much performance driven while civil engineering 
applications are largely cost driven. In order to reduce the cost of composites a wide 
range of fillers are being used. In this project, envirospheres will be used as fillers. 
These fillers do not only reduce the cost of the composites but also have a significant 
influence on the final structural properties. This project involves the production of a 
range of phenolic resin specimens with different percentage by weight of fillers. 
After preliminary curing, the specimens will be post-cured in modified microwaves 
ovens. 
 
Flexural tests will be used to evaluate its flexural properties. The findings will have 
to be analyses in detail in order to establish behaviour trends and formulas that can 
be used for theoretical prediction of filled polymer behaviour. 
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1.4 Project Background 
 
Throughout history technology has progressively utilized all types of materials. By 
applying knowledge of engineering, compounds can be formed of new materials. 
Compounds are formed when two or more elements combine chemically in fixed 
proportions by weight. Many important engineering materials exist in the form of 
chemical compounds.  
 
One of which used in engineering is thermosetting phenol formaldehyde resin; it is 
used in a wide range of applications from structural to electrical. In order to achieve 
new desired properties from a resin and hardener mixture, fillers have been added. 
The most common one is fibre glass and is used widely in the marine industry.  
 
1.5 Publication 
Ku, H, Trada, M, Sawchuk, M, 
Key Engineering Materials, 2008 (submitted for publication) 
 
1.6 Research Objective 
 
In this project the filler is called Envirospheres, SLG, or E-spheres. These are white 
microscopic ceramic spheres. They are made up of a combination of silica, alumina, 
Iron oxide, and titanium oxide. The addition of this material is known to improve the 
strength of the composites being formed. Therefore to find the maximum strength of 
the potential composite eight different percentages by weight mixtures will be 
produced. The eight different percentages will be same as previous studies which are 
0 % to 35 % in 5 percent intervals. To ensure the results are comparable to the 
previous studies the moulds and sample size are the same.  
 
As an example of a percent by weight mixture I will describe a 5 percent mixture. To 
fill the mould and get six samples, 100 grams of the mixture is required. Therefore 5 
grams of that is SLG. The other 95 grams is a resin and catalyst mixture of 30:1 
which equates to 3.1 grams of catalyst and 91.9 grams of phenolic resin. 
 
 3
The resin used in the study is a phenol formaldehyde resin solution J-2027L 
produced by Hexion Specialty Chemicals Pty Ltd. The official name for resin 
hardener is resin catalyst and there are two types; acid and base. The base catalyst 
generally requires the addition of heat to cure while the acid catalyst shifts the 
chemical equilibrium of the mixture allowing it to cure at room temperature. In this 
study the acid catalyst will be used [Chemwatch, 2005]. 
 
The materials will be mixed at room and poured into a mould, then set to cure at 
room temperature. After a few days, or until it has set, the sample will be taken out 
of the mould and have a post-cure operation applied. This is done with the use of a 
convectional microwave; the samples will be placed in the microwave around a cup 
of water and heated until it has reached one hundred Celsius. The post-cure is used to 
further increase the strength of the compound.  
 
To find the results of this method of curing the sample will be tested in a three point 
bending machine to see the flexural strength characteristics. This includes Flexural 
Strength, Flexural Strain and Young’s modulus. Once each of these characteristics 
have been calculated they will be compared with previous studies to ensure the 
strengths are accurate and to support the idea of microwave post curing is beneficial.  
 
1.7 Concluding Remarks 
 
This chapter has described the purpose of the project and what the required outcomes 
are. It has also displayed how the optimal mixture will be found as well as how the 
testing and analysis will be conducted. The following chapter discusses a more in 
depth view of the materials, testing and curing.  
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2 Literature Review 
 
2.1 Introduction 
 
This chapter is used to describe the engineering aspects of the project. Phenolic 
resin’s history in engineering will be discussed along with its affect and use in this 
project. The testing process will also be described in detail to ensure understanding 
of what is being calculated. Finally the post curing process will be discussed in terms 
of its affect on a sample and also the rationale of using a microwave in the present 
case. Some of the information has been supplied by non published sources. Instead it 
was gained from the knowledge of people and companies involved in the business of 
the related components. This includes the material safety data sheets, previous 
student studies, university study material, and communication with the staff of the 
engineering faculty. 
 
2.2 Introduction to Composite Materials 
 
A composite material is simply a material made up of two or more constituent 
materials with different properties which then make a new material with the desired 
properties. Composite materials have been around for a very long time, even as far 
back as Egyptian times when straw and mud was put together to make bricks. 
 
When you look back on human history, it is noticed that each age is named for the 
type of material used in that age. The initial one being the Stone age, then the Bronze 
age, and the Iron age. We are currently in what is called the Steel age. Although now 
composite materials are increasing in their popularity and used in a variety of 
different fields, it can be foreseen that the upcoming age will be the Composite age 
or Age of Engineered Materials. 
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Composite materials still offer many new potential applications even though such a 
long time has passed since they were first developed. Their development is 
exponentially growing present day. Also with the issue of how to preserve the earth’s 
environment becoming number one concern for people, the popularity of composites 
can only increase [Schwartz, 1996].  
 
The composite tested in this case has three ingredients; the filler, the type of resin 
and the catalyst. In this part of the study the materials used to make the composite 
will be described, as well as the background of the constituents will be revealed. 
 
2.2.1 Background of Fillers 
 
Fillers are used in compounds for three desired effects. The first is to take up space in the 
mixture so that less resin and catalyst are needed this can greatly reduce the cost to produce a 
material. The second is to change material properties to get desired strength and heat 
characteristics; and the third is when the filler is added to change the composites electric 
conductivity. 
 
Some examples of fillers are:  
• Carbon Fibre 
• Chicken feathers 
• Straw 
• Glass Fibres 
• Silica 
 
Composites can be divided into two categories; composites with high performance 
reinforcements, and composites with low performance reinforcements. The high 
performance composites are those where the reinforcement is placed in such a way that 
optimal mechanical behaviour is achieved. The low performance composites are those where 
the reinforcement is small enough that it is dispersed into the material well enough to process 
the material in the same way it was before the filler is added [Schwartz 1996, p.441]. 
 
This study is intended to achieve high performance reinforcement. I hope to do this by 
adding the filler as SLG or envirospheres to not only reduce the cost of the composite; but 
increase the materials mechanical properties. 
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2.2.2 Envirospheres (SLG) 
 
The Envirospheres (E-spheres) SLG has the potential to meet each of the three requirements 
necessary to be a good filler. It is a relatively cheap additive and can be easily mixed into the 
constituents to take up a great amount of volume in the newly formed composite. 
Envirospheres also have the required mechanical properties of a good filler with its extreme 
heat resistance and high compressive strength. They are known to be used in things like 
composites, paints, sealants, adhesives, and cement products. 
 
Envirospheres are white microscopic hollow ceramic spheres, they are made up of a 
combination of Silica, SiO2 (55-60%), Alumina, Al2O3 (36-40%), Iron Oxide, Fe2O3 (0.4-
0.5%) and Titanium Dioxide, TiO2 (1.4-1.6%). The size of a sphere is very small ranging 
from 20 – 300 μm. So if you had a handful of this material it would just look like white 
powder, also this small size makes mixing in the spheres very easy [E-spheres, undated].  
 
In the samples with no filler the resin and catalyst mixture seemed to be much more brittle 
and hard. Also samples without filler are prone to shrinkage. After the composite is 
constructed and machining is operated on a sample a lot of dust goes into the air possibly 
resulting in a respiratory hazard. So when performing several different machining operations 
goggles and a dust respirator is recommended. 
 
2.2.3 Background of Resin and Catalyst 
 
Phenolic thermosetting materials were among the first used in industry to create 
plastic materials. In today’s manufacturing world it is still the most widely used 
thermosets because of their low cost nature. Phenolics are produced by the 
condensation of polymerization reaction between phenol and formaldehyde. This 
reaction can be separated into two different materials. This reaction is listed in 
Appendix A [Smith and Hashemir, 2006].  
 
Creating a material using the resole process is one option. In this reaction the 
condensation polymerization is in an alkali solution, with extra formaldehyde, to 
produce a linear non-cross-linked polymer liquid. To cross-link the liquid heat is 
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applied. Although to cross-link without heat, an acid catalyst is added allowing the 
cross-linking to occur in room temperature. 
 
The other reaction produces novolacs by phenol and formaldehyde reacting in an 
acid solution with insufficient formaldehyde to complete the reaction at 100 oC. 
What is formed in this reaction is a powder, and since just the addition of heat is not 
enough to cross-link this material, a curing agent must be added. Novolac resin does 
not produce the mechanical properties of a strong cross-linked network [Strong 
2006]. 
 
These thermosets make up the resin used in this study because they have the ability 
to cross-link. The cross-linking causes the material to become resistant to heat after it 
has solidified. The double bonds in the material break, the result is cross-linking, 
allowing the molecules to link with their neighbours [Clarke, 1996].  
 
Catalysts are used to start this reaction by providing an alternate route to the reaction 
product. So instead of heating up a resin a catalyst is added. The effect of this is that 
more molecular collisions have the energy needed to reach the transition state. The 
catalysts can perform reactions that would not run without in their absence, or 
perform them much faster at lower temperatures. 
 
 
2.2.4 Resin and Catalyst Used 
 
The resin used in this study is commercial phenol formaldehyde based resole thermosetting 
resin. Thermosetting resins are a material that once it has been cured it cannot be restored to 
its initial form. Products from pool balls to coatings and adhesives are made with phenolic 
resin. Generally filler is put in with the mixture to obtain the properties needed. The official 
name for the resin solution is Hexion Cellobond J2027L, and it is one of the most widely 
used resins in industry [Chemwatch, 2005]. 
 
The resin used has a high number of OH groups which therefore gives in good adhesive 
qualities. These qualities decrease the amount of samples that can be retrieved from the 
mould without being damaged. It is assumed that the oil sprayed onto the mould to fight this 
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problem does not have an affect on the samples structural integrity. One of the reasons 
Hexion Cellobond is a widely used product in industry is its resistance to burning or melting, 
instead it only chars. This can be beneficial where smoke and flames are a hazard, for 
example in a gas plant. Although, these qualities may make it to see that the product is 
actually burnt. This product has dark colours added to decrease its sensitivity to UV light, 
but its dark pigment may limit its use in applications where the look of the product is 
important [Strong, 2006].   
 
The catalyst is a solution that starts the chemical reaction that hardens the resin. When added 
to the resin there is an exothermic reaction which can become hot, which on the molecular 
level form a 3D cross linking network. Hexion Phencat 15 is the phenolic resin hardener 
catalyst applied in the production of these samples. It is supplied by Hexion Specialty 
Chemicals Pty Ltd [Chemwatch, 2005]. 
 
2.3 Sample Size 
 
The initial sample size was twelve specimens, but due to time taken for curing and 
amount of available moulds it was reduced to six. This sample size worked out better 
in the end for the comparison because the previous studies of this test had used a 
sample size of six.  
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2.4 Testing 
 
Figure 2.1: Testing Machine 810 Materials Test System 
 
Testing is done through the use of a three point bending test. This equipment is supplied by 
The University of Southern Queensland. The three point bending flexural test provides 
values for the modulus of elasticity in bending EB, flexural stress σf, flexural strain εf and the 
flexural stress-strain response of the material. The main advantage of a three point flexural 
test is the simple testing and specimen geometry. This method has also some disadvantages 
that being the results of the testing method can be affected to sample loading and if the span 
distance is not set up for the sample size (Wikipedia, 2008). There are usually two types of 
testing machines dead weight and hydraulic. In this case it is hydraulically powered.  
 
 
2.4.1 Flexural Testing 
 
For flexure tests there is no involvement with changes in the specimen shape, so tests 
being conducted on simply supported beams are of constant cross-sectional area. The 
only testing machine USQ provides for this is a three point bending test. In this test a 
flat rectangular specimen is simply supported close to its ends and centrally loaded 
by the equipment. 
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The flexural response of the beam is obtained by recording the load applied and the 
resulting strain. The strain is measured by the testing equipment, for there the 
computer can figure out all the necessary results for a full analysis. 
 
2.4.2 Flexural Stress 
 
The flexural strength is the stress on the surface of the specimen at failure, which 
should be demonstrated as a shear in the middle of the sample vertically. The 
strength is calculated using the maximum bending moment, corresponding to the 
failure load. Flexural failure is encouraged by the use of a large span to specimen 
thickness ratio. The span of the beam has no influence on the shear stress but a large 
span may result in a high bending moment producing longitudinal failure. When 
using a large span to thickness ratio it can produce large deflections under load that is 
why for this study a span of 64 mm is applied. 
 
Flexural strength is measured in terms of stress, and is expressed in mega Pascals 
(N/mm²). The value that is calculated is the highest stress before the moment the 
object breaks. The highest stress in a bending stress is normally found on the surface 
of the sample [Hodgkinson 2000, p.128/ Wikipedia, undated]. 
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3
bd
PL
f =σ  
• σf = Stress in outer fibers at midpoint, (MPa)  
• P = load at a given point on the load deflection curve, (N)  
• L = Support span, (mm)  
• b = Width of test beam, (mm)  
• d = Depth of tested beam, (mm)  
The calculations for the flexural strength are listed in Appendix B. 
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2.4.3 Flexural Strain 
 
Flexural strain is a dimensionless measure; it is defined as the ratio of elongation with 
respect to the original length. It is shown as the specimen is being tested as the bend in the 
sample. Strain is important when internal stress considerations are needed [Wikipedia, 
undated].  
 
2
6
L
Dd
f =ε  
• εf = Strain in the outer surface, (%)  
• L = Support span, (mm)  
• d = Depth of tested beam, (mm)  
• D = maximum deflection of the center of the beam, (mm)  
The calculations for the flexural strength are listed in Appendix C. 
 
2.4.4 Young’s Modulus 
 
The Modulus of Elasticity, also known as Young’s modulus, is a measure of the stiff 
ness of a material. It can be calculated in two of the following ways: 
 
The Young’s Modulus also called an elastic modulus, or modulus of elasticity, is the 
description of an object’s tendency to bend elastically when a force is applied to it. 
So it bends to a point of where if it bends further failure will occur. The elastic 
modulus of an object is defined as the slope of its stress-strain curve in the elastic 
deformation region. For comparisons of previous results this method of calculation 
will be utilized. The two formulas are listed below [Wikipedia, undated]. 
 
ε
σ==
strain
stressE  
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3
3
4bd
mLEB =  
• Eb = Modulus of elasticity in bending,(MPa)  
• L = Support span, (mm)  
• b = Width of test beam, (mm)  
• d = Depth of tested beam, (mm)  
• m = Slope of the tangent to the initial straight-line portion of the load 
deflection curve, (N/mm) 
The calculations for the flexural strength are listed in Appendix D. 
 
 
2.5 Curing 
 
The solidification process is called curing; it is an exothermic reaction where the 
phenolics take on a rigid shape. The reaction is an irreversible process that results in 
the material being cross-linked at a molecular level. Some phenolics cure under room 
temperature and some need heat applied to complete the reaction. The phenolics that 
cure at room temperature require a catalyst to be added. Also some methods of 
activating cross-linking include absorption of moisture or radiation, such as ultra-
violet light [Osswald/Menges]. 
 
Once the phenolic resin has cured the molecules are rigid, connecting like a web of 
links randomly joining other molecules. This newly formed material has a high 
resistance to heat. This resistance is due to a high cross link density, and is normally 
brittle when subjected to strains of 1-3%. Phenolics being one of the more brittle 
thermosets consist of carbon atoms with large aromatic rings that resist motion, 
giving it stiff and brittle qualities.  
 
 13
The curing can be done as quickly as 48 hours in room temperature. Once the 
specimen is fully cured it is post-cured in a microwave. The idea of post-curing the 
samples is meant to have a positive affect on the mechanical properties of the 
samples. The specimen will need to be cured at 100 degrees Celsius, and to reach this 
temperature the microwave is needed to be on for an extensive amount of time. 
 
2.5.1. Microwave Curing  
 
 
Figure 2.2: Sanyo 800 watt microwave 
 
The complex relative permittivity ε = ε′ - jε″ and the loss tangent tan δ = εε ′′′  are 
the most important properties in microwave processing (Metaxas and Meredith, 
1983). The permittivity, ε′, mostly determines how much of the incident energy is 
directed at the air-sample interface, and how much enters the sample. In microwave 
processing an important property is the loss tangent, tan δ, which predicts the ability 
of the material to convert the incoming energy into heat. For optimum microwave 
energy, a considerable value of ε′, should be combined with high values of ε″ and tan 
δ, to convert microwave energy into thermal energy.  Depending on the material the 
depth of penetration of energy varies, and so the amount of heat will vary.  The depth 
of the energy is controlled by the dielectric properties.  The depth is at which 
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approximately 
e
1  (36.79%) of the energy has been absorbed.  It is also approximately 
given by (Bows, 1999): 
                                                    ε
ε
′′
′
⎟⎟⎠
⎞
⎜⎜⎝
⎛=
f
Dp
8.4                                                        
where Dp is in cm, f is in GHz and ε′ is the dielectric constant. 
 
Microwave curing is a fairly new procedure because the microwave itself has only 
recently been introduced. Using a microwave rather then an oven gives a great 
potential for reduction in cycle time and cost. The benefits of using a microwave also 
include high heating rates, and the ability to heat the sample from the inside out. This 
gives the specimen a more uniform mechanical property, and should provide stronger 
more consistent results.  
 
 
If this method is brought into a large scale manufacturing role it will see much 
improvements over the old oven method. First of all a reduction in the impact of 
materials processing; cost advantages in energy savings, space, and time; and an 
opportunity to produce new materials that cannot be achieved by other methods [Ku 
H S, 2003]. 
 
Although since the microwave can only be set with one temperature, or energy, 
rating a heating procedure must be developed to find the most accurate way to reach 
the desired 100 oC. This is where the microwave is flawed, in comparison with the 
oven. With the oven the user simply sets the temperature and waits until it the oven 
has reached it. 
 
The microwave used in this study is a Sanyo 800 watt compact microwave. At max 
energy preliminary tests where done and it was noted that temperatures exceeded the 
100 oC limited within a few minutes. 
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2.5.2 Oven Curing  
 
In order to get a better understanding why the microwave is now being applied in 
these types of projects, a look into how the oven cures specimens is described. In any 
oven the temperature is set and the temperature rises in the entire oven until the 
desired temperature is acquired. That is a disadvantage to the microwave, since it 
uses waves to impregnate the sample with heat from the insight out and takes 
considerably less time. Also heating the entire cavity of the oven will cost a lot more. 
 
Figure 2.3: Ovens used to cure samples 
 
In a large production scale this time difference will be expensive, because of the 
curing time difference the company will need a lot more, and a lot larger ovens then 
that of microwaves.  
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2.6 Work of Others 
The previous work in this field is shown in this section to provide results for 
comparison.  
Flexural strength of SLG reinforced phenolic 
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Figure 2.4: Flexural strength of SLG reinforced phenolic composites post-cured in microwaves 
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Figure 2.5: Flexural strength of SLG reinforced phenolic composites post-cured conventionally 
and in microwaves 
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Flexural strain of SLG reinforced phenolic 
composites post-cured in microwaves
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Figure 2.6: Flexural strength of SLG reinforced phenolic composites post-cured in microwaves 
 
Flexural strain of SLG reinforced phenolic 
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microwaves
0
0.01
0.02
0.03
0 10 20 30 40
Percentage by weight of SLG
Fl
ex
ur
al
 s
tra
in
 
(%
)
microw ave post-cured
oven post-cured
 
 
Figure 2.7: Flexural strain of SLG reinforced phenolic composites post-cured conventionally 
and in microwaves 
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Young's modulus of SLG reinforced phenolic 
composites post-cured in microwaves
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Figure 2.8: Young’s modulus of SLG reinforced phenolic composites post-cured in microwaves 
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Figure 2.9: Young’s modulus of SLG reinforced phenolic composites post-cured conventionally 
and in microwaves 
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Table 2.1: Flexural strength and its standard deviation of varying percentage by weight of SLG 
reinforced phenolic formaldehyde matrix composite cured in microwaves 
 
Percentage by 
weight of SLG 
0 5 10 20 25 25 30 35 
Flexural 
strength, MPa 
5.62 
0.57 
 
4.74 
1.31 
4.48 
0.00 
4.47 
1.95  
7.67 
1.34 
15.71 
4.05 
2.80 
0.89 
0.00 
0.00 
 
Table 2.2: Flexural strain and its standard deviation of varying percentage by weight of SLG 
reinforced phenolic formaldehyde matrix composite cured in microwaves 
 
Percentage by 
weight of SLG 
0 5 10 15 20 25 30 35 
Flexural 
strain, 
mm/mm 
0.0118 
0.0053 
 
0.0096 
0.0035 
0.0040 
0.0005 
0.0025 
0.0010 
0.0056 
0.0016 
0.0116 
0.0026 
0.0095 
0.0033 
0.0000 
0.0000 
 
Table 2.3: Young’s modulus and its standard deviation of varying percentage by weight of E-
sphere reinforced phenolic formaldehyde matrix composite cured in microwaves 
 
Percentage by 
weight of SLG 
0 5 10 15 20 25 30 35 
Flexural strain, 
mm/mm 
478 
 
494 
 
2070 2420 
 
2107 
 
1698 
 
1179 
 
0 
 
 
[Ku, H, Rogers, D, Davey, R, Cardona, F and Trada 2008] 
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3.   Consequential Effects of Project 
 
3.1 Introduction 
 
In this chapter the risks involved are analysed to show the potential dangers that can 
occur if the proper precautions are not utilized. Also the consequences to our 
environment are shown to prove that the project’s results can be implemented in 
today’s industrial world. 
 
 
3.2 Identification 
 
During the material construction and testing of the samples potential hazards may 
become injuries. During the construction of the samples there are three different 
potential dangers because of the materials that are used. When these materials are 
mixed it is possible that a violent reaction may occur. Another danger could be the 
use of the microwave; it is known that it can release dangerous substances such as its 
microwaves. The work space can be a hazardous with the amount of people using the 
equipment. The final risk present in this study is the testing machine. Several harmful 
outcomes may happen when using the high stresses. Although in this case the 
stresses are not high there are still dangers involved. 
 
3.3 Preparation 
 
USQ goes through great lengths to ensure the student is ready for the dangers that 
they might encounter. First of all a material safety data sheet is provided for each 
material used in the study. These show any possible health concerns when handing 
the materials. Then an instructor shows the proper way to handle the materials 
including what person protective equipment to wear. Also the student is told to sign a 
sheet that states he/she understands the risks and have been informed of them 
properly. When mixing the materials gases form and it may cause an exothermic 
reaction so to protect the student, he/she is shown how you turn on the exhaust fan to 
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get rid of fumes and to close the door in case the reaction gets out of hand. Finally 
the student is shown how to operate the microwave on different power levels to get 
the correct temperature required for curing. Also he/she is shown the dangers of 
using the microwave. 
 
3.4 Evaluation 
 
Most of the risks will cause a relatively small accident but in unlikely occurrences 
there is a potential for a very harmful event. 
 
3.5 Risks 
 
In any production of a material there are potential hazards and if the correct action is 
not made to correct or address them then bodily harm may occur. This is increasingly 
more important when sharing a work space with several colleges the impact and 
change the area to become hazardous.  
 
3.5.1 Work Space 
 
When the work space is not clean sometimes the floor can become very slippery and 
could cause a person to fall. Also when materials are not stored correctly under the 
bench it is possible to trip over them. 
 
3.5.2 Resin and Catalyst 
 
Resin and catalyst may cause bodily harm in a few different ways. They are listed 
below from the material safety data sheet. 
 
The phenolic resin hardener catalyst may have the following affects: 
Harmful by inhalation and if swallowed. 
Causes burns. 
Risk of serious damage to eyes. 
Cumulative effects may result following exposure. 
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Possible respiratory sensitiser. 
Possible cancer-causing agent following repeated inhalation. 
May be harmful to the foetus/embryo. 
[Chemwatch, 2005] 
 
The phenol formaldehyde resin solution J-2027L 
Risk of serious damage to eyes. 
May cause sensitisation by skin contact. 
Harmful: danger of serious damage to health by prolonged exposure through 
inhalation, in contact with skin if swallowed. 
Possible risk of irreversible effects. 
Cumulative effects may result following exposure. 
Possible respiratory sensitiser. 
May be harmful to foetus/embryo. 
[Chemwatch, 2005] 
 
3.5.3 Filler 
 
Envirospheres (SLG) 
“E-SPHERES® SL series is an inert material similar to talc, etc. The material may 
be prone to dusting in use. Grinding, milling or otherwise generating dust may create 
a respiratory hazard. In high dust areas the use of goggles and a NIOSH approved 
dust respirator is recommended.” 
[E-spheres, undated] 
 
 
3.5.4 Microwave 
 
Microwaves are known to cause damage when being subjected to for a long period of 
time. But in this case the person performing the curing is not close to the machine at 
all times. The only time you need to come in contact with it, is putting the samples, 
selecting the time settings and checking the temperature of the samples. Other then 
these tasks, there is so reason to be near the microwave to possibly be affected by the 
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harmful waves. Also to further reduce the chance of being exposed of the 
microwaves it has been modified to allow the gases to escape through a tube outside 
away from the user. The obvious concern of using the microwave is the objects that 
have been in the microwave for some time will be hot and caution should be used 
when handling hot materials. 
 
3.5.5 Testing Machine 
 
The testing machine is relatively safe, but it has the potential to be very dangerous. 
With its high pressure and high stress abilities one could be injured very badly. 
For example if the user is not confident in knowing what each button is one the 
machine, he/she could activate the hydraulic actuator possibly crushing a hand or 
arm. Also the fact that this machine is hydraulic can be dangerous, with the pressures 
in the lines building it may come off whipping the person and if the oil is hot 
possibly causing burns. When testing higher strength materials the shroud must be 
down because fragments of failed materials may strict the user. All of these 
possibilities have a very low chance of happening but one should know the dangers 
of using this equipment. 
 
3.6 Sustainability 
 
The environmental impact of this project is very low. The project itself has a 
negligible affect on the environment because of the amount of tested specimens that 
are produced. As for the materials the resin and catalyst are both produced naturally, 
therefore it will be easy to dispose of them. But the envirospheres come from the 
coal industry. When the coal is making electricity, in the combustion stage, the 
mineral residue that makes up the envirospheres is formed. So therefore at the 
moment envirospheres are a by product of the coal burning, which right now is 
necessary for Australia. Although if this composite was found to be of use in the 
manufacturing of materials and was produced on a large scale a different outcome 
may occur. The resin and catalyst cannot be melted down into its original structure so 
a new way of recycling this material will need to be found. The production of 
envirospheres will not be a problem until we stop using coal to generate electricity. 
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As for the curing process using microwaves there will likely be a reduction in 
electricity costs because of the short time it takes for it to reach the curing 
temperature. The environmental impact of the microwave exhaust will be minimal as 
well as the construction of these large microwaves required to cure a number of 
products at once. So therefore the overall impact of this project now and in the future 
will be more environmentally friendly than many manufacturing techniques used 
now. 
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4 Project Methodology 
 
4.1 Introduction 
 
This chapter outlines the methods used in creating the specimens and testing to show that 
minimal errors will be obtained. Some of these methods were acquired through trail and 
error others were instructed by supervisors by previous year’s knowledge to doing similar 
tests. This section provides the outline for each procedure to conduct this study. Also each of 
the procedures and all the equipment must remain similar to past years to ensure a 
comparison can be made. 
 
4.2 Mould 
 
To compare this study’s results with previous results the same mould is used. The mould is 
cut from a sheet of PVC, a fairly slippery plastic that helps in the removal of samples, and 
consists of 3 pieces. The bottom piece is a flat surface with out any cuts in it; this makes the 
samples flat and rectangular at the bottom. The second sheet has six slots cut in it 10 cm long 
1 cm wide and 0.5 cm deep, the composite is poured into these slots to make the specimens. 
The top sheet is added on top; its purpose is to squish the composite further into the mould 
and makes a consistent cross sectional area. It was found that if the top sheet was used curing 
in ambient air would take a considerably long time. For this reason the top sheet was 
discarded and to ensure constant cross sectional area I would perform great caution in 
pouring the samples.  The mould was fastened together by eight metal screws tightened by 
hand with a screw driver. The two sheets are fixed together to make sure the surfaces do not 
slip and damage the specimen.  
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Figure 4.1: Sample prepared for materials 
 
4.3 Mould Preparation 
 
Before the resin, catalyst and e-spheres can be mixed the mould must be prepared to ensure 
the mixture does not set before it is poured into the mould. First the mould is scraped clean 
of old residue left by the last sample. This includes rubbing a brush in each slot to make sure 
the cross sectional area is uniform and not affected by a piece of old sample stuck in the 
mould. Then it is thoroughly cleaned using water and paper towel to make sure that the 
particles of oil left on the surface does not affect the structural properties of the new sample. 
Then once it is completely dried the bolts and clamps are applied, like said previously these 
stop any damage that might occur to the samples when it is being moved to a storage shelf. 
Finally the oil is sprayed on the mould; its job is to make the mould slippery. When the 
mould is slippery the samples will come out with much less effort. Sometimes when the oil 
was sprayed into the mould it would build up making large clumps, to fix this I used paper 
towel to absorb the excess oil. 
 
4.4 Manufacturing of Samples 
 
The samples are 100mm long by 10 mm wide and 5 mm thick. These were made 12 
at a time using 2 moulds and 100 grams of resin, filler and catalyst. Once there were 
more projects being performed in the lab there was only enough moulds for one per 
person. This decreased the number of samples per percentage to six, which met the 
needs of the comparison to previous results. The mould is bolted tightly together to 
ensure that the mixture does not leak through the edges of the slot in the mould. If 
the mould was not tight enough the sample would seep over the edges and make it 
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very difficult to remove. Normally there is a top sheet that is used but has been 
removed to speed up the curing process. In this state the curing can take as little as 
48 hours. In making the samples the SLG to resin and catalyst ratio will vary so that 
the optimum mixture for strength can be found.  
 
4.4.1 Measuring Materials 
 
The mixture has been varied from 5% to 35% in 5 percent intervals. For the initial 
mixture of 5 percent the resin to catalyst ratio is at 30 to 1, and the SLG to resin and 
catalyst ratio is 5 to 95 giving you the 5% mixture. Initially the resin to catalyst ratio 
was 50:1, this caused the curing reaction to be really slow so therefore the catalyst 
ratio was increased. To give a better example of this, the table below shows how 
much of each material is used in a 5% mixture. 
 
 
Table 4.1 Percentage by weight mixtures 
Percentage Filler Catalyst Resin 
0% 0 grams 3.2 grams 96.8 grams 
5% 5 grams 3.1 grams 91.9 grams 
10% 10 grams 2.9 grams 87.1 grams 
15% 15 grams 2.8 grams 82.2 grams 
20% 20 grams 2.6 grams 77.4 grams 
25% 25 grams 2.4 grams 72.6 grams 
30% 30 grams 2.3 grams 67.7 grams 
35% 35 grams 2.1 grams 62.9 grams 
 
 
4.4.2 Mixing the Resin and Catalyst 
 
To try and do this most accurately first the empty container is put on the scale and 
zeroed. Then the resin is poured into the container, but to reach the desired mass a 
spoon must be used. When adding the catalyst it was found that if it was put into its 
own container then poured in with the resin, too much of it would stick to the sides 
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and the amount that was supposed to be in with the resin was stuck in the separate 
container. To correct this, when the desired amount of resin was reached the scale is 
then zeroed again and the catalyst added slowly with a spoon. 
 
 
Figure 4.2: Adding the catalyst 
 Then the SLG is added and stirred for 13-15 minutes or until the mixture was 
constant. This must be done in the ventilation hood with the proper safety equipment 
to avoid health risks.  
 
 
Figure 4.3: Stirring the materials 
 
 
 29
4.4.3 Filling the Mould 
 
In filling the mould the most important part is not to over fill it. It the slot is over 
filled it will create a layer on the top sheet of the mould and harden. That makes a 
sample bigger then the slot that it is supposed to be removed from. If this occurs the 
sample is badly damaged or destroyed in the removal making it useless to the 
objective of the project. 
 
4.4.4 Sample Removal 
 
When removing the sample there are a few variables that can make the process easy or 
difficult. If the mould is not fully greased the sample sticks to the sections not greased and 
break very easily when pushed out. If the mould is not bolted tightly together the mixture 
flows between the surfaces making an area bigger than the slot and becomes very difficult to 
remove. Also when pouring the samples, if the slot is over flowed it creates a similar area on 
top of the mould and is very hard to get out. If the slot was filled correctly with not over 
filling, and it was lubricated correctly, the sample was still not easy to get out. The brittle 
nature of this material makes it hard to get out without damaging the sample. After just 
pressing on it with my fingers and breaking several specimens, a way to get it out was 
established. First the mould is lifted off the counter so that the sample can fall out the 
bottom. Then a popsicle stick, the same size as the specimen, is put over the slot. Then by 
lightly tapping along the popsicle stick in a back and forth pattern the sample would slowly 
get pushed out. 
 
4.4.5. Sample Defects 
 
During the removal process the samples would go through some abuse. It was very 
hard to get the filling of the slots in the mould perfect and it was inevitable that 
sometimes I would over fill the mould. This made the removal process very difficult 
and would cause damage to the specimen. The damage was in the form of cracking 
along the edges of the sample. This means that the cross sectional area is not uniform 
so therefore these pieces could not be used in the study and a new batch needed to be 
mixed. 
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4.5 Curing 
 
Curing at room temperature took roughly 48-72 hours. If it was removed before 48 hours and 
left in the plastic container it would form a bend in the shape of the bottom of the container.  
 
 
Figure 4.4: Samples poured and now curing 
 
Post-curing was achieved using a microwave; six samples along with a cup of water would 
be placed on the turning plate in the following order. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5: Samples spaced evenly around a cup of water in the microwave 
 
A cup of water is located in the oven cavity to absorb excess microwaves.  
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4.5.1. Microwave Curing Procedure 
 
To ensure the samples are cured correctly they are spaced evenly as possible using 
the naked eye around a cup of water as previously described. Initially the proper way 
to cure the samples, regarding time and power level, was unknown. Therefore this 
information had to be conducted by using the method of trial and error. At first the 
power level was not changed and the test pieces heated up dramatically and charred 
within a minutes. To slow down the curing reaction to a controlled pace the power 
level was dropped to 10 % for 20 minutes. At this time the temperature of each 
sample was checked using an infrared thermometer, the samples were at 27oC. The 
infrared thermometer was a good tool because it allowed for the temperature to be 
measured quickly and accurately enough that a lot of the heat would not escape while 
checking the temperature. Any time in the microwave seemed to not greatly affect 
the temperature after 20 minutes so the power level was set at 20 %. On this power 
setting the samples would not exceed 75oC even after they had been in the 
microwave for 40 minutes. Finally the power setting was increased to 30 % to reach 
the target temperature of 100oC after just 10 minutes. This means that a total of 60 
minutes in the microwave is required to reach the right temperature. It is assumed 
that this slow curing procedure had positive affects on sample defects.  
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6: An example of an infrared thermometer 
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4.5.2 Effects on Samples 
 
During the microwave curing process some of the specimens needed to be tied to a 
stick to ensure that they stayed straight. This normally occurred in the lower 
percentage mixtures, it was known from investigating the behaviour of phenolic 
resins that when they are heat treated they begin to bend. A very slight bend was still 
valid for testing but some of the samples were so bent that they may lead the results 
to be inaccurate. In the higher percentages the problem fixed itself which is 
important because these higher ones are likely to be what is studied for implication to 
industry. 
 
 
Figure 4.7: Sample bent from curing 
4.6 Specimens 
 
The specimens have been shaped by the mould in the previous discussion. It is the 
same mould used in previous years of this study so that a comparison to preceding 
results can be completed in the proper manner. 
 
4.6.1 Dimensions 
 
The dimensions of the samples were mentioned before from the mould but it did not 
take into consideration shrinkage that the curing in the phenolic resin that occurs. It 
is slightly less than 5 mm. Since the top sheet was not used in the moulding the slots 
could not be entirely filled. Also when the shrinkage occurred the samples had small 
dips in the centre of them, this dimension was measured and any sample with a 
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cross-sectional area larger then 50 mm2±2.5mm2 had to be grinded down or the 
results would be disregarded.  
 
4.6.2 Effects on specimens during Construction 
 
When the sample is created it was hard to get perfectly uniform since pouring was 
done by hand with a spoon. So this made an error with the samples top layer, 
sometimes it would not be uniform with big clumps and dips. This problem affected 
the higher percentages a lot more because of the thick nature of the mixture, the 
lower percentages seemed to fill the slot uniformly. Changing the catalyst to resin 
ratio from 50:1 to 30:1 may have had a negative affect. Sometimes before removal 
the specimen had already been damaged and cracked. This is believed to be caused 
by the slightly more rapid cross-linking reaction that occurs when the catalyst is 
added. The defect also could be caused by the mould not being slippery enough and 
the sample sticking to the ends then shrinking causing the fracture in the middle of 
the sample. 
 
 
Figure 4.8: Sample damaged from shrinkage 
 
4.7 Flexural Test 
 
The flexural test is conducted at USQ using the 3 point bending setup that is one of 
the options for the testing machine. It uses hydraulic force to conduct the test and 
retrieve the data for analysing flexural strength, strain and young’s modulus. As the 
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test is being conducted at the same time a computer is recording the data and 
outputting the results on a graph. 
 
Figure 4.9: Sample being tested 
 
In order to change the equipment to the test desired, in this case 3 point bending, one 
must consult the technical supervisor Mohan Trada. Mohan demonstrated how to 
change the setup from being a tensile test, in which and object is pulled apart, to the 
test presented in the figure above. To do this first the clamps were loosened then the 
proper test equipment was inserted. Finally the hydraulic rams are adjusted so that 
there is no play between the test piece and the ram that will break it. 
 
 
4.7.1 Testing Procedure 
 
The testing procedure was initiated with the help of Mohan Trada. First of all each 
sample had the test number and filler percent recorded on them to make sure they do 
not get mixed up with other samples and affect the microscope analysis. Then the test 
machine was setup for the flexural test. To ensure that the computer will record the 
right data the correct program must be selected, in this case it is called the flexural 
test. This program will retrieve the data needed to calculate flexural strength, strain 
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and young’s modulus. After the program is selected the user is prompted to load the 
sample into the supports, and the dimensions of the specimen is put in. Then the ram 
pushes down on the sample until it fails the computer records the stress until this 
occurs. 
 
4.7.2 Data retrieved 
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Figure 4.10: Graph output by computer during testing 
The data retrieved is shown in the figure below. 
Table 4.2 Table output by computer during testing 
Name Value Units 
Average Thickness 5.20 mm 
Average Width 10.10 mm 
Flexural Modulus 758 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 13 N 
Yield - Stress 4.72 MPa 
Peak - Elongation 1.51 mm 
Peak - Strain 1.15 % 
Peak - Load 36.9 N 
Peak - Stress 12.98 MPa 
Break - Elongation 1.51 mm 
Break - Strain 1.15 % 
Break - Load 37 N 
Break - Stress 12.98 MPa 
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4.8 Microscope Analysis  
Then microscope done in this study requires the use of a electron microscope. Since 
USQ does not currently have one it had to be sourced from QUT.  
 
Figure 4.11: Scanning Electron Microscope at QUT 
 
4.8.1 Microscope 
The microscope is a FEI Quanta 200 scanning electron microscope. This electron 
microscope uses electrons to light up a sample and make an image on the computer. 
The electron microscope has much better power than optical microscopes and can 
magnify up to 2 million times. Where as the best optical microscopes can only reach 
2000 times magnification. Both of the microscopes are limited by their wavelength, 
the wavelength of an electron is much smaller than that of a light proton making the 
higher resolutions possible. 
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To control the electron beam to focus the microscope uses electrostatic and 
electromagnetic lenses to form the image. The beam is focused at a specific point 
desired by the user [http://en.wikipedia.org/wiki/Electron_microscope, 2008]. 
4.8.2 Analysis Method 
For the microscope to get a good picture of the sample the surface needs to be 
electrically and thermally conductive. Since this composite is not conductive and 
provides insulating characteristics the sample must be gold plated. After the sample 
is gold plated, which usually takes 10 – 15 minutes, the samples are fixed to the base 
plate inside the box in Figure 56. 
 
Usually the samples are mounted to a small metal cylinder to ensure they stay 
upright and are the correct distance from the lens. In my case we simply used tape to 
stick the samples upright to the base plate.  Once the samples are secure, the chamber 
is closed and a vacuum pump brings the container to negative pressure. The negative 
pressure is to remove the air molecules from around the lens so they don’t show up 
in higher magnifications. When the right pressure is achieved the analysis starts and 
you can then zoom in and out on the areas of interest. 
 
4.8.3 Analysis Observations 
The features I intend to observe are things like porosity to see if there is a change in 
the different compositions revealing strength differences. Also looking at crack 
propagation to see if the flow to and from stress concentrations such as air bubbles or 
large particles. 
 
4.9 Recommendations to improve Methodology 
During the procedure of the testing several ideas came up in making the project 
easier and more accurate. First of all a change in the mould could be useful. 
Currently the mould is entirely made up of PVC. If the middle sheet was made out of 
a flexible material and you could bend the mould to retrieve the specimen. Or if 
replacing the mould material is too expensive a simple press could be constructed. 
To remove the samples with out damage it would have to support the mould and 
leave an empty place for the sample to fall into. A lever would be required to push 
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down on the mould a shape the same size as the sample, evenly distributing the force 
along the piece and therefore removing it without pressure points. 
 
 
4.10 Concluding Remarks 
In this chapter I have described how the samples have been constructed and tested in 
a manner that is sufficient to produce accurate results according to my supervisors. 
The following chapter discusses the results that the methodology has produced and 
comparison with previous years results. 
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5. Flexural Test Results and Discussion 
 
5.1 Introduction  
The chapter preceding this one described the methods of finding the results for 
flexural strength, strain and young’s modulus. This chapter analyses the results of 
phenolic resin filler with envirospheres cured in microwaves. The samples range in 
filler percentages from 0 to 35 %. Once the results have been discussed they are 
compared to previous results to see if the projects outcome is correct. The 
comparison will give information on what method of curing is best and why. Also 
the microscopic analysis is done in this section to look for reasons for failure or 
strength including porosity and stress concentration cracks. 
 
5.2 Flexural Test  
The following tables and graphs help demonstrate the results for flexural stress. The 
computer did not output the stress; instead it was calculated using the formula in 
section 2.4.2. Not every value found by the computer was used because some of 
them were either very high or very low compared to the mean value. The graphs 
displayed are that of my results and previous results for comparison. The computer 
used to calculate loads does not calculate the final value needed for analysis.  
 
To find flexural strength the peak loads are required and shown in Table 5.1. 
Table 5.1 Table of peak loads 
Percentage 0 5 10 15 20 25 30 35 
Specimen 1 36.9 33.6 36.9 46.8 43 68.5 49.2 46 
Specimen 2 26.5 31.4 50.4 47 49.9 60.4 50.4 46.3 
Specimen 3 20.1 49.3 50.9 43.5 44 47 39.6 43 
Specimen 4 32.6 50.4 44.1 43.3 55.7 50.2 42.5 42.6 
Specimen 5 49 46 47 49.7 53.7 45.7 43.6 35.6 
Mean Load 33.02 42.14 45.86 46.06 49.26 54.36 45.06 42.70 
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The mean load is the loading right before failure and measured in Newtons (N). 
Notice that the sample size has been reduced to 5; this is because the results have 
been streamlined and any extreme high or low value has been disregarded.  
 
 
To find flexural strain the deflections at failure are needed and shown in Table 5.2. 
Table 5.2 Table of max deflections 
 
The deflection is the measurement value of the amount the specimen has bent due to 
loading before it fails. Deflection is measured in mm (millimetres). The dashed line 
is a value that was deemed incorrect because it was very low. 
 
5.3 Flexural Strength 
In this section flexural strength is calculated from previous formulas and applied to 
the data in the tables cover in the last section. Then they are compared to previous 
results to be confirmed. 
 
5.3.1 Results  
To acquire the flexural strength first the peak load is retrieved from the data 
displayed in Table 5.1. With the formula applied from chapter 2 the value for 
flexural stress is calculated and tabulated below. 
Table 5.3 Table of flexural strengths 
 
Percentage 0 5 10 15 20 25 30 35 
Specimen 1 1.51 1.5 1.78 1.36 1.33 1.35 1.66 1.7 
Specimen 2 2.84 1.07 2.45 1.44 1.11 1.55 1.08 1.47 
Specimen 3 1.78 1.57 2.44 1.68 1.46 1.28 2.16 1.56 
Specimen 4 2.37 1.69 2.01 1.63 1.1 1.97 1.45 0.97 
Specimen 5 1.92 1.76 2.85 2.16 1.67 1.21 1.2 1.29 
Specimen 6 1.22 - 2.15 1.18 1.52 1.85 1.25 2.56 
Mean Deflection 1.88 1.52 2.33 1.58 1.37 1.54 1.47 1.59 
Percentage (%) 0 5 10 15 20 25 30 35 
Mean Depth (mm) 5.18 5.75 5.34 5.29 5.5 5.45 5.58 5.89 
Mean Width (mm) 9.81 9.88 9.81 9.75 9.79 9.82 9.79 9.83 
Mean Load (N) 33.02 42.14 45.86 46.06 49.26 54.36 45.06 42.7 
Support Span (mm) 64 64 64 64 64 64 64 64 
Flexural Strength (MPa) 13.22 12.38 15.74 16.21 15.97 16.73 14.19 12.02 
 41
It is difficult to see the trend in flexural strength from the table; therefore a graph is 
made as seen in Figure 5.1. 
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Figure 5.1: Flexural Strength of SLG reinforced phenolic resin cured in microwave 
 
This figure illustrates the flexural strength of the SLG reinforced phenolic resin for 
each percentage mixture. Initially the mixture has no filler added and has a flexural 
strength of 13.22 MPa, and then the value is decreased to 12.38 Mpa as the lowest 
strength. This to me was unexpected as previous results, and the envirospheres 
qualities, leads me to believe that the addition of this filler was to add mechanical 
strengths. At 10 percent there was a substantial rise in strength, up to 15.74 Mpa. 
From there the strength raised slowly until it hit the 25 % mixture, this value was the 
highest at 16.73 Mpa. From this high point the strengths seem to drop off confirming 
that a mixture with a high amount of SLG will become brittle and stiff. Obtaining the 
result that 25 % was the optimum value for mechanical properties matched with 
previous results that of Cardona et al. (2008), Ku et al. (2008a; 2008d; 2008e). 
 
5.3.2 Comparison to previous Results  
The results in this study seemed to be quite accurate when compared to previous 
results. Similar trends were formed, to demonstrate this comparison has been 
developed. The previous results had both microwave and oven curing performed so 
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this comparison will be to confirm results with previous microwave analysis and just 
to compare to find benefits of that over oven curing. The previous microwave results 
have been shown in Table 5.4. 
Table 5.4 Table of previous microwave results 
 
Then the results from previous study in oven cured results are analysed and shown in 
Table 5.5. 
Table 5.5 Table of previous oven results 
 
The current microwave post-cured results are listed below in Table 5.6 
Table 5.6 Table of current microwave results 
Percentage (%) 0 5 10 15 20 25 30 35 
Flexural strength (MPa) 13.22 12.38  15.74  16.21 15.97 16.73  14.19  12.02 
 
To make the comparison easier my results have been superimposed on these previous 
results in graphical from in Figure 5.2. 
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Percentage (%) 0 5 10 15 20 25 30 35 
Flexural Strength (MPa) 5.62 4.74 4.48 4.47 7.67 15.71 2.8 0 
Percentage (%) 0 5 10 15 20 25 30 35 
Flexural Strength (MPa) 11.2 8.5 6.33 8.76 12.16 16.8 4.88 1.93 
 43
Figure 5.2: Flexural Strength of SLG reinforced phenolic resin cured in microwave compared to 
previous results 
 
 
As seen from the graph the max strength of the specimen occurred at 25% filler. This 
value was around 16 MPa which was confirmed once more by a previous dissertation 
that had a trend that followed mine more closely.  So from this it seems that at this 
percentage for flexural strength the method of curing does not have an affect. The 
method of curing will have an impact on cost and curing time. Using filler that can 
occupy 25 % of the material produced while adding flexural strength will have a 
great cost reduction and is analysed later in the report. Also at this percentage the 
mixture is still fairly thin and is easily poured into the mould which will make further 
manufacturing applications easy compared to the higher percentages.  
 
 
5.4 Flexural Strain  
In this section flexural strain is calculated from previous formulas in chapter 2 and 
applied to the data in the tables covered in the beginning of this section. Then they 
are compared to previous strain results to be confirmed or shown to produce a 
different result according to method of curing. 
 
5.4.1 Results  
This is an important measure to find when the application of the composite depends 
on flexibility. To find flexural strain the mean deflections are required, they are 
calculated from Table 5.2 in the beginning of this chapter. With the formula from 
chapter 2 applied the Table 5.7 is made. 
Table 5.7 Table of flexural strain 
Percentage (%) 0 5 10 15 20 25 30 35 
Mean Deflections (mm) 1.88 1.52 2.33 1.58 1.37 1.54 1.47 1.59 
Mean Depth (mm) 5.18 5.75 5.34 5.29 5.5 5.45 5.58 5.89 
Flexural Strain (mm/mm) 0.0126 0.0128 0.0182 0.0122 0.0110 0.0123 0.0120 0.0137 
 
The following graph shows the strain values for each percentage SLG.  
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Figure 5.3: Flexural Strain of SLG reinforced phenolic resin cured in microwave 
 
Figure 5.3 shows the flexural strain of varying by weight of E-sphere (SLG) 
reinforced phenol formaldehyde matrix composite post-cured in microwaves.  At 10 
% the maximum flexural strain of 0.0182 mm/mm was recorded.  For other loadings, 
the flexural strains varied from 0.0110 to 0.0128 mm/mm, the variation was not too 
big.  The value for the neat resin was 0.0126 mm/mm, which was 45% lower than the 
maximum. It is shown by the graph that the strain value does not change too much 
but if an application required flexibility 10 % would be the best choice. 
 
 
5.4.2 Comparison to previous Results  
The results of my seemed to be a lot different when compared to previous results. In 
that the optimum mixture for the strain occurred at a different percentage. Although 
the strain values were close to previous results, this leads me to believe that they are 
correct and possibly a different curing procedure with the microwave has been used. 
The previous results had both microwave and oven curing performed so this 
comparison will be to confirm results with previous microwave analysis and just to 
compare to find benefits of that over oven curing.  
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Previous microwave post-cured results Table 5.8 
Table 5.8 Table of previous microwave results 
Percentage (%) 0 5 10 15 20 25 30 35 
Flexural Strain (mm/mm) 0.0118 0.0096 0.004 0.0025 0.0056 0.0116 0.0095 0 
 
Previous oven post-cured results Table 5.9 
Table 5.9 Table of previous oven results 
Percentage (%) 0 5 10 15 20 25 30 35 
Flexural Strain (mm/mm) 0.026 0.021 0.0097 0.0099 0.012 0.0182 0.0076 0.007 
 
Current microwave post-cured results Table 5.10 
Table 5.10 Table of current microwave results 
 
It is difficult to see the trends and make proper observations by looking at tabulated 
results therefore the data has been graphed in Figure 5.4. 
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Figure 5.4: Flexural Strain of SLG reinforced phenolic resin cured in microwave compared to 
previous results 
 
Percentage (%) 0 5 10 15 20 25 30 35 
Flexural Strain (mm/mm) 0.0126 0.0128 0.018 0.0122 0.011 0.0123 0.0120 0.0137 
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Figure 5.4 illustrates that the flexural strains of the composites post-cured in a 
microwave, at all percentages by weight of SLG of this study, were higher than their 
counterparts of the previous study.  The current microwave cured composites were 
generally higher than the studies done in the past; more so of the previous oven cured 
ones.  The previous maximum value for strain in microwave cured was the same as 
my results at 0.0182 mm/mm. This value occurred at different percentages by weight 
of SLG, my result occurring at 10% and the previous microwave cured result at 25 
%.  The flexural strain, at maximum flexural strength of 16.83 MPa, i.e. 25 percent 
by weight of SLG, was 0.0123, which was the third highest value of flexural strength 
for the range of by weight of SLG considered. This means that a composite at this 
percentage will be both strong and ductile and therefore, maximum flexural strength 
and strain can be obtained at the same time. 
 
 
5.5 Young’s Modulus 
Within the limits of the materials elastic behaviour the ratio of the stress to the strain 
is the Young’s modulus. This is a property that determines how much the composite 
will sag under a load within its limit of proportionality. Simply, in order to calculate 
Young’s Modulus flexural stress is divided by flexural strain as described in chapter 
2. 
 
5.5.1 Results 
 
To find proper results some of the data had to be discarded, if they were included the 
final result would be incorrect. In the following table, Table 5.11, the flexural 
strengths and strains are listed for each sample and each percentage. Some of the 
calculations output a high Young’s Modulus, they were not used and are highlighted 
in bold. 
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Table 5.11 Table of Young’s Modulus results 
This table may be hard to understand so again the results need to be put into visual 
form as seen in Figure 7. 
 
Percentage 
(%) 0 5 10 15 20 25 30 35 
Flexural 
Strength 1 13.46 9.87 12.66 16.47 13.94 22.55 15.49 12.9 
Flexural 
Strength 2 9.66 9.23 17.3 16.54 16.18 19.88 15.87 13.03 
Flexural 
Strength 3 7.33 14.49 14.47 15.31 14.26 15.47 12.47 12.1 
Flexural 
Strength 4 11.89 14.81 15.13 15.24 18.06 16.52 13.38 11.99 
Flexural 
Strength 5 17.87 13.52 16.13 17.49 17.41 15.04 13.73 10.02 
Flexural 
Strain 1 0.013 0.012 0.019 0.010 0.010 0.010 0.013 0.014 
Flexural 
Strain 2 0.014 0.009 0.019 0.011 0.008 0.012 0.008 0.012 
Flexural 
Strain 3 0.009 0.013 0.015 0.013 0.011 0.010 0.017 0.013 
Flexural 
Strain 4 0.013 0.014 0.022 0.012 0.008 0.015 0.011 0.008 
Flexural 
Strain 5 0.012 0.014 0.016 0.009 0.012 0.009 0.009 0.011 
Young's 
Modulus 1 997 783 659 1568 1302 2087 1138 880 
Young's 
Modulus 2 661 1025 905 1476 1817 1603 1803 1025 
Young's 
Modulus 3 788 1097 921 1177 1208 1516 704 896 
Young's 
Modulus 4 900 1042 678 1209 2029 1086 1124 1427 
Young's 
Modulus 5 1452 913 960 1921 1427 1550 1401 902 
Young's 
Modulus 837 1020 929 1544 1644 1690 1367 1027 
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Figure 5.5: Young’s Modulus of SLG reinforced phenolic resin cured in microwave 
 
Figure 5.5 shows the flexural modulus of varying by weight of E-sphere (SLG) 
reinforced phenol formaldehyde matrix composite post-cured in microwaves. 
Initially at 0 percent by weight of the SLG, the Young’s modulus was 837 MPa. 
Then it increased to its highest value of 1690 MPa. This was achieved at 2 5 % by 
weight of SLG reinforcement. The compositions after this had their values 
decreasing steadily to a low of 1027 at 35% by weight of filler. The entire 
microwave curing values was higher than the value of pure resin.  The trend of the 
curve of Figure 7 followed the same trend with that of the flexural strength. 
 
  
5.5.2 Comparison to previous Results 
Once again my data was roughly in the same area as previous studies. Like the 
flexural strain data my Young’s Modulus was between the previous oven cured and 
microwave cured results. At the strongest percentage of SLG filler to weight mixture 
the two microwaves cured results had the same Young’s Modulus. 
Previous microwave post-cured results Table 5.12 
Table 5.12 Table of previous microwave results 
Percentage (%) 0 5 10 15 20 25 30 35 
Young’s Modulus (MPa) 500 517 2078 2404 2119 1690 1197 0 
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Previous oven post-cured results Table 5.13 
Table 5.13 Table of previous oven results 
Percentage (%) 0 5 10 15 20 25 30 35 
Young’s Modulus (MPa) 496 513 730 1029 1100 1110 520 451 
 
Current microwave post-cured results Table 5.1 
Table 5.14 Table of current microwave results 
Percentage (%) 0 5 10 15 20 25 30 35 
Young’s Modulus (MPa) 837 1020 929 1544 1644 1690 1367 1027 
 
Once again the comparison is put into graphical form in Figure 5.6, 
Comparison of Previous Microwave and Oven Curing to Current 
Microwave Curing
0
600
1200
1800
2400
3000
1 2 3 4 5 6 7 8
Percentage SLG (%)
Y
ou
ng
's
 M
od
ul
us
 (M
Pa
)
Current microwave post-cured
Previous microwave post-cured
Previous oven post-cured
 
Figure 5.6: Young’s Modulus of SLG reinforced phenolic resin cured in microwave compared to 
previous results 
 
This graph demonstrates the Young’s modulus of SLG reinforced phenolic 
composites post-cured conventionally and in microwaves, previous and current 
studies.  The previous study had higher values of flexural modulus 10 to 20 % by 
weight of SLG whereas my results were higher from 0 to 5 % and 25 to 35 %. The 
maximum flexural modulus of the composite cured conventionally in the previous 
study was 25 % by weight of SLG at 953 MPa as shown in Figure 5.6. The 25 % 
composite also had the maximum flexural modulus of 1690 MPa of this study.  The 
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increase in maximum value of flexural modulus of this study shows that of 
conventionally cured samples in the previous study is 78% weaker.  With an over 
look of all the comparison figures at the same time, it has been found that the best 
percentage by weight of SLG added to the phenolic resin was 25%. This mixture 
gave the best combination of flexural strength, strain and modulus at a much reduced 
cost, and will be explained later in this chapter.    
 
5.6 Microscopic Analysis  
The microscope analysis was done through the use of a electron microscope. Since 
USQ does not have an electron microscope I needed to source one from QUT. The 
microscope used is a FEI Quanta 200 Scanning Electron Microscope. Several 
different views and magnifications were used to find the right pictures to conduct the 
analysis. The things I have set out to find are porosity sizes, how well the resin stuck 
to the SLG particles, crack propagation and curing affects. 
 
5.6.1 0% SLG 
The zero percent composite was important to analyse because a comparison is 
needed to see where the 25 % SLG mixture has benefited the mechanical properties. 
Getting these photos allows me to further understand what is happening on the level 
in which the fractures occur. 
 
Figure 5.7: Overview of 0 % SLG 
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This picture is the sample magnified at 30 times. On this picture you can see the 
bubbles of air in the top layer of the fracture; this is suspected to be from the gases 
created in the reaction of cross-linking the resin. In this reaction the sample shrinks 
causing residual stresses that eventually can turn into fractures. From the scale in the 
bottom right of the photograph the air bubbles seem to be fairly large, about 0.25 
mm. 
 
Figure 5.8: 100x magnification 0 % SLG 
 
In this photo the magnification is increased to 100 times, and is focused on the area 
of the last photos air bubbles. These are noticeably large bubbles and increase the 
crack propagation. On the top surface there are pressure cracks possibly caused by 
the flexural test or the curing operation. 
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Figure 5.9: 400x magnification 0 % SLG 
 
In this photo you can start to see the porosity of this composite is around 10 microns. 
Also in the top of the picture the air bubble seems to have been where the crack has 
started. 
 
Figure 5.10: 400x magnification 0 % SLG of top surface 
 
 53
 
This is still the top surface of the specimen, and other then the large air bubbles the 
resin has relatively low porosity near the surface. This could be because the gases are 
able to escape when they are so close to the surface. This is also a better look at the 
large air bubble it is obvious that it is causing a crack as you can see the crack went 
right through it. 
 
Figure 5.11: 400x magnification 0 % SLG on a crack 
 
This picture shows a crack at 400 times magnification. Once again you can see the 
porosity occurring more frequently further away from the surface. This is believed to 
be caused by the top layer being exposed to oxygen and therefore curing more 
quickly and not allowing the porosity below to escape.  
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Figure 5.12: 400x magnification 0 % SLG of bottom edge 
 
This picture is of the bottom edge of the sample, by bottom edge I am referring to the 
side that was at the bottom of the mould during the ambient air curing. The porosity 
is occurring a lot more in this area than previous areas. 
 
 
Figure 5.13: 200x magnification 0 % SLG of porosity 
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This picture is the bottom edge at 200 times magnification from here it is displaying 
a crack that has gone straight through the largest bubble further proving the fact that 
these bubbles are causing stress concentrations. 
 
Figure 5.14: 4000x magnification 0 % SLG 
 
This photo is the sample magnified at 4000 times showing that the porosity is about 
6-10 microns. This picture was the uniform porosity and if the sample was zoomed in 
on this much anywhere this was the result. The next section is the resin and catalyst 
with the added 25 % SLG to compare to the findings in this 0 %. 
 
5.6.2 25% SLG 
This percentage had the best combination of results in flexural strength, flexural 
strain and young’s modulus. This microscope analysis is done to provide more 
information on why this was the optimum mixture. 
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Figure 5.15: Overview of 25 % SLG 
 
This picture is an overview of the sample at 40 times magnification. In comparison to 
the 0 % there is a strong concentration of SLG particles shown varying in sizes. As 
with the previous 0 % there are large air bubbles throughout the fracture. There are 
the large dark coloured circles about 0.25 mm in diameter. 
 
 
Figure 5.16: 200x magnification 25 % SLG 
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In comparison to the 0 % the fracture is a lot smoother with not much big chunks on 
this surface. There are craters in this picture they are formed by SLG particles that 
have been torn off this surface by the test and remain on the other half of the sample. 
The dark spot near the centre is a broken piece of SLG. 
 
Figure 5.17: 400x magnification 25 % SLG 
This more magnified look at the previous picture shows the broken SLG more 
clearly. Also it is seen here that less porosity is occurring at this magnification of 400 
times. 
 
Figure 5.18: 200x magnification 25 % SLG of particle sizes 
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In the top left corner of this photo you can see the edge that was facing up in the 
mould. It has the same layer of non porous material. The envirospheres website said 
that the SLG ranges in sizes 20 – 300 µm which is noticed in this view.  
 
Figure 5.19: 400x magnification 25 % SLG of edge 
This view is the sample at 400 times. It shows the resin binding with the SLG. On the 
larger piece of SLG you can see 3 large circular shapes caused by other particles on 
the other half of the sample. Also on this piece you can see a crack forming leading 
me to believe that the SLG might be fairly weak. When you compare this 400 times 
picture to the 0 percent 400 times magnification porosity occurs less and may be why 
the 25 % SLG mixture has the desired mechanical properties. 
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Figure 5.20: 4000x magnification 25 % SLG of small porosity 
Similar to the 0 % there is uniform porosity but it seems smaller and less frequent. 
This may be because of the lines coming from each pour; this may be the gases 
trying to escape and therefore causing the 25 % to have less porosity.  
 
Figure 5.21: 1000x magnification 25 % SLG of particle bonding with resin 
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This picture shows the gaps that are along the edges of the SLG. From this picture it 
looks as if the SLG are not entirely spherical and that may have negative affects on 
the structure of the composite. 
 
 
Figure 5.22: 4000x magnification 25 % SLG of a gap 
 
A further magnified view of the gap is seen here. The gap looks to be about 3-5 µm, 
and once again you can see the crack leading towards the porosity and gaps. 
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5.7 Cost Analysis  
The following table, Table 5.15, shows the cost of each composite per 100 grams. 
 
Table 5.15 Table of Costs 
Percentage Price        (SLG) 
(Resin Catalyst) 
Total per 100 grams 
($) 
0 % $ 0.0  
$ 0.7 
$ 0.7 
5 % $ 0.0015 
$ 0.665 
$ 0.66 
10 % $ 0.003 
$0.630 
$ 0.63 
15 % $ 0.0045 
$ 0.595 
$ 0.59 
20 % $ 0.006 
$ 0.560 
$ 0.56 
25 % $ 0.0075 
$ 0.525 
$ 0.52 
30 % $ 0.009 
$ 0.490 
$ 0.49 
35 % $ 0.0105 
$ 0.455 
$ 0.46 
 
 
The phenolic resin that was used in this study was $7.00 per kg. The SLG per 
kilogram is $0.30.  For 100 g of the composite with 25% by weight of fly ash, the 
cost for the resin is $ 0.525 and that of the SLG is $0.007.  The total cost of this 25 % 
mixture is $ 0.52, comparing this to the 0 % at $ 0.7 and the improved mechanical 
properties proves that using SLG as a filler is an advantage. The reduction in cost is 
about 18 %.  To further put the mechanical properties in detail, the flexural strength 
of unfilled resin was 11.20 MPa, compare that to the 25 % by weight of SLG is 16.8 
MPa, an improvement of 50%. The flexural modulus of 0 % was 470 MPa, while 
that with 25 % by weight of SLG was 1690 MPa, an increase of 260%. The gains in 
mechanical performance are very substantial. 
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5.8 Concluding Remarks  
In this chapter I have shown the results found from the test. They include flexural 
strength, flexural strain and young’s modulus. Each of these results have been 
discussed and compared to previous studies and trends have been commented on. 
Also the two types of curing have been discussed. The optimum percentage has been 
found at 25 %. The microscope analysis has been conducted in this section and the 
trends of composition of the samples have been discussed.  
 
6. Conclusion 
 6.1 Introduction  
This section summarizes all the important aspects of what the study has set of to find. 
That being the optimum percentage of filler to reduce cost and increase the 
composites mechanical properties. This optimum mixture will be discussed in a 
manner that describes what makes in the strongest composite of the 8 different 
percentages. The best curing type and procedure will be recommended based on a 
few important traits. The microscope findings are summarized in this section making 
it clear what the issues were for the 2 different samples that have been magnified. 
 
6.2 Summary 
This report has discovered the optimum mechanical characteristics of a filler based 
composite using formulas, graphical analysis, phenolic theory, and microscope 
analysis. The percent of filler was varied from 0 to 35 % and on this range of 
different compositions three tests were conducted. The flexural strength was tested to 
find the maximum stress the test piece could support.  The flexural strain test was 
found to display the maximum strain each percentage was capable of. The young's 
modulus was also found for each percentage. In the following sections each of the 
optimal percentages, in each test are discussed and compared to previous work and 
different type of curing. 
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6.2.1 Flexural Strength 
This graph illustrates that the filler has increasingly added strength up to 25 % until 
the composite becomes over filled and made brittle. It is clearly seen in the figure 
below that the 25 % mixture is stronger than the other composites. The initial value, 
at 0 percent, was about as strong was the weakest SLG filled specimen. Of course the 
more filler added the less costly the material will be but the brittle nature and the 
difficult moulding properties of the 35 % composite makes it least desirable. The 25 
% has been compared to previous results and the final result is the same, around a 
value of 16.73 MPa. 
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Figure 6.1: Flexural strength of SLG reinforced phenolic resin cured in microwave 
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6.2.2 Flexural Strain 
 
From the previous chapter the flexural strain maximum was recorded at 10 % with a 
strain of 0.0182 mm/mm. As we know from previous cost analysis a lower 
percentage is not desired in a mass production of this material because of an increase 
in cost. The value for 25 % is not a great decrease and since it has the best flexural 
strength and good handling and moulding properties it is the optimum composition.  
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Figure 6.2: Flexural strain of SLG reinforced phenolic resin cured in microwave 
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6.2.3 Young’s Modulus  
At the optimum specimen the young’s modulus proved to be also the stiffest. Initially 
at 0 percent by weight of the SLG, the Young’s Modulus was 837 MPa. Then it 
increased to its highest value of 1690 MPa. This was achieved at 2 5 % by weight of 
SLG reinforcement. The compositions after this had their values decreasing steadily 
to a low of 1027 at 35% by weight of filler. The entire microwave curing values were 
higher than the value of pure resin.   
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Figure 6.3: Young’s Modulus of SLG reinforced phenolic resin cured in microwave 
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6.3 Microscope Analysis Results 
The results obtained from the microscope findings were that in the 25 % samples 
there was less porosity. The further away from the surface of the specimen you got 
the more porosity was noticed. Cracks were noticed to be targeted to the gaps and air 
bubbles in the samples. Some SLG particles were damaged so much that they were 
entirely broken; this may have been caused by the destructive test. Cracks were seen 
in the 0 % surface possibly caused by curing or testing. The 25 % composite had less 
porosity giving it the better mechanical properties. 
 
Figure 6.4: 400x magnification of SLG 25 %  
 
6.4 Conclusion 
This project has proved that the addition of Envirospheres to phenolic resin improves 
all mechanical properties. The optimum composite was 25 % by weight of the filler 
to 75% weight of the phenolic resin and catalyst. At the percent the mixture is easy to 
handle and pour into the moulds, and it is almost the best in terms of cost savings. 
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Appendix A – Phenol Formaldehyde Completed Reaction 
 
 
[Wikipedia, 2007] 
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Appendix B – Calculation of Flexural Strength 
22
3
bd
PL
f =σ  
• σf = Stress in outer fibers at midpoint, (MPa)  
• P = load at a given point on the load deflection curve, (N)  
• L = Support span, (mm)  
• b = Width of test beam, (mm)  
• d = Depth of tested beam, (mm)  
Example as 25 % specimen 2 
 
P = Peak load 60.4 N 
L = Span 64 mm 
b = Width 9.78 mm 
d = Depth 5.49 mm 
 
( )249.578.92
644.603
mmmm
mmN
f ××
××=σ
 
MPaf 7.19=σ  
 
Since the final value for 25 % was a average of the 6 samples this number does not 
correspond with the table in Section 5.3.1 
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Appendix C – Calculation of Flexural Strain 
2
6
L
Dd
f =ε  
• εf = Strain in the outer surface, (%)  
• L = Support span, (mm) 
• d = Depth of tested beam, (mm)  
• D = Maximum deflection of the center of the beam, (mm)  
Example as 25 % specimen 2 
 
D = Max Deflection 1.55 mm 
L = Span 64 mm 
d = Depth 5.49 mm 
 
2)64(
49.555.16
mm
mmmm
f
××=ε
 
0125.0=fε  
 
Flexural Strain is a dimensionless quantity so it does not have units. This strain value 
is close to the average strain used in the study. 
 72
Appendix D – Calculation of Young’s Modulus 
 
ε
σ==
strain
stressE  
 
MPaf 7.19=σ  
0125.0=fε  
0125.0
7.19 MPa
strain
stressE === ε
σ
 
 
MPaE 1576=  
Since the final value for 25 % was an average of the 6 samples the answer used in the 
study will be slightly different than this 
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Appendix E – Tabulated Data 
Peak Loads(N)                 
Percentage 0 5 10 15 20 25 30 35 
Specimen 1 36.9 33.6 36.9 46.8 40.3 44.6 49.2 46 
Specimen 2 26.5 31.4 56.1 47 49.9 60.4 50.4 46.3 
Specimen 3 20.1 49.3 50.9 43.5 44 47 39.6 43 
Specimen 4 32.6 50.4 44.1 43.3 55.7 50.2 42.5 42.6 
Specimen 5 49 46 71.8 49.7 53.7 45.7 29.5 33.6 
Specimen 6 33.6 - 46.8 38.8 43 68.5 43.6 35.6 
Specimen 7 40.3 - 51.9 - - - - - 
Specimen 8 33.6 - 41.3 - - - - - 
Specimen 9 26.9 - 46.7 - - - - - 
Specimen 10 33.4 - 47 - - - - - 
Specimen 11 29.9 - 50.4 - - - - - 
Specimen 12 - - - - - - - - 
Mean Load 33 42.1 49.4 44.8 47.8 52.7 42.5 41.2 
 
Deflections at Failure (mm)                 
Percentage 0 5 10 15 20 25 30 35 
Specimen 1 1.51 1.5 1.78 1.36 1.33 1.35 1.66 1.7
Specimen 2 2.84 1.07 2.45 1.44 1.11 1.55 1.08 1.47
Specimen 3 1.78 1.57 2.44 1.68 1.46 1.28 2.16 1.56
Specimen 4 2.37 1.69 2.01 1.63 1.1 1.97 1.45 0.97
Specimen 5 1.92 1.76 2.85 2.16 1.67 1.21 1.2 1.29
Specimen 6 1.22  - 2.15 1.18 1.52 1.85 1.25 2.56
Specimen 7 1.42  - 2.46  - -  -  -  - 
Specimen 8 2.31  - 2.23  - -  -  -  - 
Specimen 9 2  - 2.38  - -  -  -  - 
Specimen 10 1.74  - 2.47  - -  -  -  - 
Specimen 11 1.62  - 2.41  - -  -  -  - 
Mean Deflections (mm) 1.88 1.52 2.33 1.58 1.37 1.54 1.47 1.59
Standard Deviation 0.55 0.27 0.33 0.34 0.23 0.31 0.40 0.54
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Appendix F – Data from Flexural Test 
6/08/2008 
 
Sample ID: mike-0%-1.mss 
Specimen Number: 1 
Tagged: False 
 
0
10
20
30
40
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Load (N)
Extension (mm)
[1]
F
P
B
M
 
 
Specimen Results: 
Name Value Units 
Width 10.00 mm 
Thickness 5.18 mm 
Peak Load 34.4 N 
Elongation at Peak 1.49 mm 
 
 
Specimen Comment: 
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6/08/2008 
 
Sample ID: mike-0%-2.mss 
Specimen Number: 1 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.20 mm 
Average Width 10.10 mm 
Flexural Modulus 758 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 13 N 
Yield - Stress 4.72 MPa 
Peak - Elongation 1.51 mm 
Peak - Strain 1.15 % 
Peak - Load 36.9 N 
Peak - Stress  12.98 MPa 
Break - Elongation 1.51 mm 
Break - Strain 1.15 % 
Break - Load 37 N 
Break - Stress 12.98 MPa 
 
 
Specimen Comment: 
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6/08/2008 
 
Sample ID: mike-0%-3.mss 
Specimen Number: 2 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 4.72 mm 
Average Width 9.74 mm 
Flexural Modulus 495 MPa 
Yield - Elongation -0.07 mm 
Yield - Strain -0.05 % 
Yield - Load 4 N 
Yield - Stress 1.86 MPa 
Peak - Elongation 2.84 mm 
Peak - Strain 1.97 % 
Peak - Load 26.5 N 
Peak - Stress  11.73 MPa 
Break - Elongation 2.84 mm 
Break - Strain 1.97 % 
Break - Load 27 N 
Break - Stress 11.73 MPa 
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6/08/2008 
 
Sample ID: mike-0%-4.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 4.74 mm 
Average Width 9.72 mm 
Flexural Modulus 482 MPa 
Yield - Elongation 0.04 mm 
Yield - Strain 0.03 % 
Yield - Load 7 N 
Yield - Stress 2.95 MPa 
Peak - Elongation 1.78 mm 
Peak - Strain 1.23 % 
Peak - Load 20.1 N 
Peak - Stress  8.85 MPa 
Break - Elongation 1.78 mm 
Break - Strain 1.23 % 
Break - Load 20 N 
Break - Stress 8.85 MPa 
 
 
Specimen Comment: 
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6/08/2008 
 
Sample ID: mike-0%-5.mss 
Specimen Number: 4 
Tagged: False 
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B
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Specimen Results: 
Name Value Units 
Average Thickness 5.11 mm 
Average Width 9.77 mm 
Flexural Modulus 480 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.02 % 
Yield - Load 7 N 
Yield - Stress 2.53 MPa 
Peak - Elongation 2.37 mm 
Peak - Strain 1.78 % 
Peak - Load 32.6 N 
Peak - Stress  12.25 MPa 
Break - Elongation 2.37 mm 
Break - Strain 1.78 % 
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6/08/2008 
 
Sample ID: mike-0%-6.mss 
Specimen Number: 5 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.49 mm 
Average Width 9.85 mm 
Flexural Modulus 963 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 7 N 
Yield - Stress 2.17 MPa 
Peak - Elongation 1.92 mm 
Peak - Strain 1.54 % 
Peak - Load 49.0 N 
Peak - Stress  15.85 MPa 
Break - Elongation 1.92 mm 
Break - Strain 1.54 % 
Break - Load 49 N 
Break - Stress 15.85 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-0%-7.mss 
Specimen Number: 6 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.25 mm 
Average Width 9.83 mm 
Flexural Modulus 1239 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 8 N 
Yield - Stress 2.91 MPa 
Peak - Elongation 1.22 mm 
Peak - Strain 0.94 % 
Peak - Load 33.6 N 
Peak - Stress  11.89 MPa 
Break - Elongation 1.22 mm 
Break - Strain 0.94 % 
Break - Load 34 N 
Break - Stress 11.89 MPa 
 
 
Specimen Comment: 
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6/08/2008 
 
Sample ID: mike-0%-8.mss 
Specimen Number: 7 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.29 mm 
Average Width 9.86 mm 
Flexural Modulus 1079 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.02 % 
Yield - Load 13 N 
Yield - Stress 4.61 MPa 
Peak - Elongation 1.42 mm 
Peak - Strain 1.10 % 
Peak - Load 40.3 N 
Peak - Stress  14.02 MPa 
Break - Elongation 1.42 mm 
Break - Strain 1.10 % 
Break - Load 40 N 
Break - Stress 14.02 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-0%-9.mss 
Specimen Number: 8 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.34 mm 
Average Width 9.74 mm 
Flexural Modulus 422 MPa 
Yield - Elongation -0.04 mm 
Yield - Strain -0.03 % 
Yield - Load 4 N 
Yield - Stress 1.39 MPa 
Peak - Elongation 2.31 mm 
Peak - Strain 1.80 % 
Peak - Load 33.6 N 
Peak - Stress  11.60 MPa 
Break - Elongation 2.31 mm 
Break - Strain 1.80 % 
Break - Load 34 N 
Break - Stress 11.60 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-0%-10.mss 
Specimen Number: 9 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.15 mm 
Average Width 9.78 mm 
Flexural Modulus 521 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 7 N 
Yield - Stress 2.71 MPa 
Peak - Elongation 2.00 mm 
Peak - Strain 1.51 % 
Peak - Load 26.9 N 
Peak - Stress  9.94 MPa 
Break - Elongation 2.00 mm 
Break - Strain 1.51 % 
Break - Load 27 N 
Break - Stress 9.94 MPa 
 
 
Specimen Comment: 
 
 
 84
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Sample ID: mike-0%-11.mss 
Specimen Number: 10 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.43 mm 
Average Width 9.84 mm 
Flexural Modulus 689 MPa 
Yield - Elongation 0.05 mm 
Yield - Strain 0.04 % 
Yield - Load 7 N 
Yield - Stress 2.22 MPa 
Peak - Elongation 1.74 mm 
Peak - Strain 1.38 % 
Peak - Load 33.4 N 
Peak - Stress  11.05 MPa 
Break - Elongation 1.74 mm 
Break - Strain 1.38 % 
Break - Load 33 N 
Break - Stress 11.05 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-0%-12.mss 
Specimen Number: 11 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.16 mm 
Average Width 9.88 mm 
Flexural Modulus 683 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 10 N 
Yield - Stress 3.68 MPa 
Peak - Elongation 1.62 mm 
Peak - Strain 1.22 % 
Peak - Load 29.9 N 
Peak - Stress  10.90 MPa 
Break - Elongation 1.62 mm 
Break - Strain 1.22 % 
Break - Load 30 N 
Break - Stress 10.90 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-5%-1.mss 
Specimen Number: 1 
Tagged: False 
 
0
1 0
2 0
3 0
4 0
0 . 0 0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7 0 . 8 0 . 9 1 . 0 1 . 1 1 . 2 1 . 3 1 . 4 1 . 5 1 . 6 1 . 7
L o a d  ( N )
E x t e n s io n  ( m m )
[ 1 ]
FP
B
M
 
 
Specimen Results: 
Name Value Units 
Average Thickness 5.78 mm 
Average Width 9.81 mm 
Flexural Modulus 653 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.03 % 
Yield - Load 10 N 
Yield - Stress 2.95 MPa 
Peak - Elongation 1.50 mm 
Peak - Strain 1.27 % 
Peak - Load 33.6 N 
Peak - Stress  9.83 MPa 
Break - Elongation 1.50 mm 
Break - Strain 1.27 % 
Break - Load 34 N 
Break - Stress 9.83 MPa 
 
 
Specimen Comment: 
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5/06/2008 
 
Sample ID: mike-5%-2.mss 
Specimen Number: 2 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.99 mm 
Average Width 9.90 mm 
Flexural Modulus 625 MPa 
Yield - Elongation 0.01 mm 
Yield - Strain 0.01 % 
Yield - Load 12 N 
Yield - Stress 3.13 MPa 
Peak - Elongation 1.07 mm 
Peak - Strain 0.94 % 
Peak - Load 31.4 N 
Peak - Stress  8.48 MPa 
Break - Elongation 1.07 mm 
Break - Strain 0.94 % 
Break - Load 31 N 
Break - Stress 8.48 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-5%-3.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.74 mm 
Average Width 9.88 mm 
Flexural Modulus 1080 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.02 % 
Yield - Load 11 N 
Yield - Stress 3.27 MPa 
Peak - Elongation 1.57 mm 
Peak - Strain 1.32 % 
Peak - Load 49.3 N 
Peak - Stress  14.55 MPa 
Break - Elongation 1.57 mm 
Break - Strain 1.32 % 
Break - Load 49 N 
Break - Stress 14.55 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-5%-4.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.72 mm 
Average Width 9.92 mm 
Flexural Modulus 893 MPa 
Yield - Elongation 0.06 mm 
Yield - Strain 0.05 % 
Yield - Load 13 N 
Yield - Stress 3.97 MPa 
Peak - Elongation 1.69 mm 
Peak - Strain 1.41 % 
Peak - Load 50.4 N 
Peak - Stress  14.89 MPa 
Break - Elongation 1.69 mm 
Break - Strain 1.41 % 
Break - Load 50 N 
Break - Stress 14.89 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-5%-5.mss 
Specimen Number: 5 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.56 mm 
Average Width 9.90 mm 
Flexural Modulus 1065 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 10 N 
Yield - Stress 3.11 MPa 
Peak - Elongation 1.76 mm 
Peak - Strain 1.43 % 
Peak - Load 46.0 N 
Peak - Stress  14.43 MPa 
Break - Elongation 1.76 mm 
Break - Strain 1.43 % 
Break - Load 46 N 
Break - Stress 14.43 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-1.mss 
Specimen Number: 1 
Tagged: False 
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Specimen Results: 
Name Value Units 
Width 9.74 mm 
Thickness 5.27 mm 
Peak Load 51.2 N 
Elongation at Peak 3.32 mm 
 
 
Specimen Comment: 
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Sample ID: mike-10%-2.mss 
Specimen Number: 1 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.31 mm 
Average Width 9.88 mm 
Flexural Modulus 847 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.01 % 
Yield - Load 10 N 
Yield - Stress 3.47 MPa 
Peak - Elongation 1.78 mm 
Peak - Strain 1.39 % 
Peak - Load 36.9 N 
Peak - Stress  12.73 MPa 
Break - Elongation 1.79 mm 
Break - Strain 1.39 % 
Break - Load 36 N 
Break - Stress 12.55 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-3.mss 
Specimen Number: 2 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.24 mm 
Average Width 9.74 mm 
Flexural Modulus 980 MPa 
Yield - Elongation 0.09 mm 
Yield - Strain 0.07 % 
Yield - Load 13 N 
Yield - Stress 4.70 MPa 
Peak - Elongation 2.45 mm 
Peak - Strain 1.88 % 
Peak - Load 56.1 N 
Peak - Stress  20.12 MPa 
Break - Elongation 2.45 mm 
Break - Strain 1.88 % 
Break - Load 56 N 
Break - Stress 20.12 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-4.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.44 mm 
Average Width 9.84 mm 
Flexural Modulus 1000 MPa 
Yield - Elongation 0.01 mm 
Yield - Strain 0.01 % 
Yield - Load 12 N 
Yield - Stress 3.93 MPa 
Peak - Elongation 2.44 mm 
Peak - Strain 1.94 % 
Peak - Load 50.9 N 
Peak - Stress  16.77 MPa 
Break - Elongation 2.44 mm 
Break - Strain 1.94 % 
Break - Load 51 N 
Break - Stress 16.77 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-5.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.65 mm 
Average Width 9.87 mm 
Flexural Modulus 918 MPa 
Yield - Elongation 0.01 mm 
Yield - Strain 0.01 % 
Yield - Load 7 N 
Yield - Stress 2.05 MPa 
Peak - Elongation 2.01 mm 
Peak - Strain 1.66 % 
Peak - Load 44.1 N 
Peak - Stress  13.45 MPa 
Break - Elongation 2.01 mm 
Break - Strain 1.66 % 
Break - Load 44 N 
Break - Stress 13.45 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-6.mss 
Specimen Number: 5 
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Specimen Results: 
Name Value Units 
Average Thickness 5.39 mm 
Average Width 9.80 mm 
Flexural Modulus 1210 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.01 % 
Yield - Load 6 N 
Yield - Stress 2.15 MPa 
Peak - Elongation 2.85 mm 
Peak - Strain 2.25 % 
Peak - Load 71.8 N 
Peak - Stress  24.22 MPa 
Break - Elongation 2.85 mm 
Break - Strain 2.25 % 
Break - Load 72 N 
Break - Stress 24.22 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-7.mss 
Specimen Number: 6 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.51 mm 
Average Width 9.91 mm 
Flexural Modulus 942 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.01 % 
Yield - Load 10 N 
Yield - Stress 3.21 MPa 
Peak - Elongation 2.15 mm 
Peak - Strain 1.73 % 
Peak - Load 46.8 N 
Peak - Stress  14.94 MPa 
Break - Elongation 2.15 mm 
Break - Strain 1.73 % 
Break - Load 47 N 
Break - Stress 14.94 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-8.mss 
Specimen Number: 7 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.43 mm 
Average Width 9.84 mm 
Flexural Modulus 854 MPa 
Yield - Elongation 0.10 mm 
Yield - Strain 0.08 % 
Yield - Load 12 N 
Yield - Stress 4.05 MPa 
Peak - Elongation 2.46 mm 
Peak - Strain 1.96 % 
Peak - Load 51.9 N 
Peak - Stress  17.16 MPa 
Break - Elongation 2.46 mm 
Break - Strain 1.96 % 
Break - Load 52 N 
Break - Stress 17.16 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-9.mss 
Specimen Number: 8 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.32 mm 
Average Width 9.84 mm 
Flexural Modulus 770 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 8 N 
Yield - Stress 2.84 MPa 
Peak - Elongation 2.23 mm 
Peak - Strain 1.74 % 
Peak - Load 41.3 N 
Peak - Stress  14.23 MPa 
Break - Elongation 2.23 mm 
Break - Strain 1.74 % 
Break - Load 41 N 
Break - Stress 14.23 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-10.mss 
Specimen Number: 9 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.29 mm 
Average Width 9.81 mm 
Flexural Modulus 787 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 12 N 
Yield - Stress 4.11 MPa 
Peak - Elongation 2.38 mm 
Peak - Strain 1.84 % 
Peak - Load 46.7 N 
Peak - Stress  16.32 MPa 
Break - Elongation 2.38 mm 
Break - Strain 1.84 % 
Break - Load 47 N 
Break - Stress 16.32 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-11.mss 
Specimen Number: 10 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.13 mm 
Average Width 9.83 mm 
Flexural Modulus 913 MPa 
Yield - Elongation 0.05 mm 
Yield - Strain 0.04 % 
Yield - Load 10 N 
Yield - Stress 3.61 MPa 
Peak - Elongation 2.47 mm 
Peak - Strain 1.86 % 
Peak - Load 47.0 N 
Peak - Stress  17.44 MPa 
Break - Elongation 2.47 mm 
Break - Strain 1.86 % 
Break - Load 47 N 
Break - Stress 17.44 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-10%-12.mss 
Specimen Number: 11 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.18 mm 
Average Width 9.64 mm 
Flexural Modulus 1105 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 7 N 
Yield - Stress 2.68 MPa 
Peak - Elongation 2.41 mm 
Peak - Strain 1.83 % 
Peak - Load 50.4 N 
Peak - Stress  18.69 MPa 
Break - Elongation 2.41 mm 
Break - Strain 1.83 % 
Break - Load 50 N 
Break - Stress 18.69 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-15%-1.mss 
Specimen Number: 1 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.45 mm 
Average Width 9.75 mm 
Flexural Modulus 1364 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 9 N 
Yield - Stress 2.95 MPa 
Peak - Elongation 1.36 mm 
Peak - Strain 1.08 % 
Peak - Load 46.8 N 
Peak - Stress  15.52 MPa 
Break - Elongation 1.36 mm 
Break - Strain 1.08 % 
Break - Load 47 N 
Break - Stress 15.52 MPa 
 
 
Specimen Comment: 
 
 
 
 104
6/08/2008 
 
Sample ID: mike-15%-2.mss 
Specimen Number: 3 
Tagged: False 
 
0
1 0
2 0
3 0
4 0
5 0
0 . 0 0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7 0 . 8 0 . 9 1 . 0 1 . 1 1 . 2 1 . 3 1 . 4 1 . 5 1 . 6 1 . 7 1 . 8
L o a d  ( N )
E x t e n s io n  ( m m )
[ 3 ]
F
P
B
M
 
 
Specimen Results: 
Name Value Units 
Average Thickness 5.24 mm 
Average Width 9.77 mm 
Flexural Modulus 1078 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 7 N 
Yield - Stress 2.40 MPa 
Peak - Elongation 1.68 mm 
Peak - Strain 1.29 % 
Peak - Load 43.5 N 
Peak - Stress  15.56 MPa 
Break - Elongation 1.68 mm 
Break - Strain 1.29 % 
Break - Load 42 N 
Break - Stress 15.08 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-15%-3.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.24 mm 
Average Width 9.77 mm 
Flexural Modulus 1078 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.02 % 
Yield - Load 7 N 
Yield - Stress 2.40 MPa 
Peak - Elongation 1.68 mm 
Peak - Strain 1.29 % 
Peak - Load 43.5 N 
Peak - Stress  15.56 MPa 
Break - Elongation 1.68 mm 
Break - Strain 1.29 % 
Break - Load 42 N 
Break - Stress 15.08 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-15%-4.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.21 mm 
Average Width 9.80 mm 
Flexural Modulus 866 MPa 
Yield - Elongation 0.04 mm 
Yield - Strain 0.03 % 
Yield - Load 7 N 
Yield - Stress 2.42 MPa 
Peak - Elongation 1.63 mm 
Peak - Strain 1.24 % 
Peak - Load 43.3 N 
Peak - Stress  15.63 MPa 
Break - Elongation 1.63 mm 
Break - Strain 1.24 % 
Break - Load 43 N 
Break - Stress 15.63 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-15%-5.mss 
Specimen Number: 5 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.19 mm 
Average Width 9.77 mm 
Flexural Modulus 1055 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 9 N 
Yield - Stress 3.37 MPa 
Peak - Elongation 2.16 mm 
Peak - Strain 1.64 % 
Peak - Load 49.7 N 
Peak - Stress  18.12 MPa 
Break - Elongation 2.16 mm 
Break - Strain 1.64 % 
Break - Load 50 N 
Break - Stress 18.12 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-15%-6.mss 
Specimen Number: 6 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.25 mm 
Average Width 9.71 mm 
Flexural Modulus 909 MPa 
Yield - Elongation 0.02 mm 
Yield - Strain 0.01 % 
Yield - Load 9 N 
Yield - Stress 3.07 MPa 
Peak - Elongation 1.18 mm 
Peak - Strain 0.90 % 
Peak - Load 38.8 N 
Peak - Stress  13.91 MPa 
Break - Elongation 1.18 mm 
Break - Strain 0.90 % 
Break - Load 39 N 
Break - Stress 13.91 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-20%-1.mss 
Specimen Number: 1 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.46 mm 
Average Width 9.79 mm 
Flexural Modulus 1288 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 5 N 
Yield - Stress 1.71 MPa 
Peak - Elongation 1.33 mm 
Peak - Strain 1.06 % 
Peak - Load 40.3 N 
Peak - Stress  13.25 MPa 
Break - Elongation 1.33 mm 
Break - Strain 1.06 % 
Break - Load 40 N 
Break - Stress 13.25 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-20%-2.mss 
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Specimen Results: 
Name Value Units 
Average Thickness 5.53 mm 
Average Width 9.79 mm 
Flexural Modulus 1472 MPa 
Yield - Elongation -0.12 mm 
Yield - Strain -0.10 % 
Yield - Load 2 N 
Yield - Stress 0.70 MPa 
Peak - Elongation 1.11 mm 
Peak - Strain 0.90 % 
Peak - Load 49.9 N 
Peak - Stress  15.99 MPa 
Break - Elongation 1.11 mm 
Break - Strain 0.90 % 
Break - Load 50 N 
Break - Stress 15.99 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-20%-3.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.43 mm 
Average Width 9.81 mm 
Flexural Modulus 1212 MPa 
Yield - Elongation -0.25 mm 
Yield - Strain -0.20 % 
Yield - Load 4 N 
Yield - Stress 1.23 MPa 
Peak - Elongation 1.46 mm 
Peak - Strain 1.16 % 
Peak - Load 44.0 N 
Peak - Stress  14.60 MPa 
Break - Elongation 1.46 mm 
Break - Strain 1.16 % 
Break - Load 43 N 
Break - Stress 14.26 MPa 
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Sample ID: mike-20%-4.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.75 mm 
Average Width 9.75 mm 
Flexural Modulus 1701 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 5 N 
Yield - Stress 1.55 MPa 
Peak - Elongation 1.10 mm 
Peak - Strain 0.93 % 
Peak - Load 55.7 N 
Peak - Stress  16.60 MPa 
Break - Elongation 1.10 mm 
Break - Strain 0.93 % 
Break - Load 56 N 
Break - Stress 16.60 MPa 
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Sample ID: mike-20%-5.mss 
Specimen Number: 5 
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Specimen Results: 
Name Value Units 
Average Thickness 5.42 mm 
Average Width 9.80 mm 
Flexural Modulus 1507 MPa 
Yield - Elongation -0.06 mm 
Yield - Strain -0.05 % 
Yield - Load 3 N 
Yield - Stress 1.12 MPa 
Peak - Elongation 1.67 mm 
Peak - Strain 1.32 % 
Peak - Load 53.7 N 
Peak - Stress  17.91 MPa 
Break - Elongation 1.67 mm 
Break - Strain 1.32 % 
Break - Load 54 N 
Break - Stress 17.91 MPa 
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Sample ID: mike-20%-6.mss 
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Specimen Results: 
Name Value Units 
Average Thickness 5.44 mm 
Average Width 9.80 mm 
Flexural Modulus 1385 MPa 
Yield - Elongation -0.14 mm 
Yield - Strain -0.11 % 
Yield - Load 3 N 
Yield - Stress 1.11 MPa 
Peak - Elongation 1.52 mm 
Peak - Strain 1.21 % 
Peak - Load 43.0 N 
Peak - Stress  14.22 MPa 
Break - Elongation 1.52 mm 
Break - Strain 1.21 % 
Break - Load 43 N 
Break - Stress 14.22 MPa 
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Specimen Results: 
Name Value Units 
Average Thickness 5.40 mm 
Average Width 9.81 mm 
Flexural Modulus 1303 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 5 N 
Yield - Stress 1.75 MPa 
Peak - Elongation 1.35 mm 
Peak - Strain 1.06 % 
Peak - Load 44.6 N 
Peak - Stress  14.98 MPa 
Break - Elongation 1.35 mm 
Break - Strain 1.06 % 
Break - Load 45 N 
Break - Stress 14.98 MPa 
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Sample ID: mike-25%-2.mss 
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Specimen Results: 
Name Value Units 
Average Thickness 5.49 mm 
Average Width 9.78 mm 
Flexural Modulus 1608 MPa 
Yield - Elongation -0.21 mm 
Yield - Strain -0.17 % 
Yield - Load 3 N 
Yield - Stress 0.87 MPa 
Peak - Elongation 1.55 mm 
Peak - Strain 1.24 % 
Peak - Load 60.4 N 
Peak - Stress  19.68 MPa 
Break - Elongation 1.55 mm 
Break - Strain 1.24 % 
Break - Load 60 N 
Break - Stress 19.68 MPa 
 
 
Specimen Comment: 
 
 
 
 117
6/08/2008 
 
Sample ID: mike-25%-3.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.44 mm 
Average Width 9.84 mm 
Flexural Modulus 1217 MPa 
Yield - Elongation -0.32 mm 
Yield - Strain -0.25 % 
Yield - Load 3 N 
Yield - Stress 1.11 MPa 
Peak - Elongation 1.28 mm 
Peak - Strain 1.02 % 
Peak - Load 47.0 N 
Peak - Stress  15.49 MPa 
Break - Elongation 1.28 mm 
Break - Strain 1.02 % 
Break - Load 47 N 
Break - Stress 15.49 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-25%-4.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.58 mm 
Average Width 9.85 mm 
Flexural Modulus 1254 MPa 
Yield - Elongation 0.03 mm 
Yield - Strain 0.03 % 
Yield - Load 7 N 
Yield - Stress 2.21 MPa 
Peak - Elongation 1.97 mm 
Peak - Strain 1.61 % 
Peak - Load 50.2 N 
Peak - Stress  15.71 MPa 
Break - Elongation 1.97 mm 
Break - Strain 1.61 % 
Break - Load 50 N 
Break - Stress 15.71 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-25%-5.mss 
Specimen Number: 5 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.50 mm 
Average Width 9.86 mm 
Flexural Modulus 1324 MPa 
Yield - Elongation -0.18 mm 
Yield - Strain -0.14 % 
Yield - Load 3 N 
Yield - Stress 1.08 MPa 
Peak - Elongation 1.21 mm 
Peak - Strain 0.98 % 
Peak - Load 45.7 N 
Peak - Stress  14.69 MPa 
Break - Elongation 1.21 mm 
Break - Strain 0.98 % 
Break - Load 46 N 
Break - Stress 14.69 MPa 
 
 
Specimen Comment: 
 
 
 
 120
6/08/2008 
 
Sample ID: mike-25%-6.mss 
Specimen Number: 6 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.33 mm 
Average Width 9.83 mm 
Flexural Modulus 1512 MPa 
Yield - Elongation -0.27 mm 
Yield - Strain -0.21 % 
Yield - Load 3 N 
Yield - Stress 1.04 MPa 
Peak - Elongation 1.85 mm 
Peak - Strain 1.45 % 
Peak - Load 68.5 N 
Peak - Stress  23.54 MPa 
Break - Elongation 1.85 mm 
Break - Strain 1.45 % 
Break - Load 65 N 
Break - Stress 22.39 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-30%-1.mss 
Specimen Number: 1 
Tagged: False 
 
0
1 0
2 0
3 0
4 0
5 0
0 . 0 0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7 0 . 8 0 . 9 1 . 0 1 . 1 1 . 2 1 . 3 1 . 4 1 . 5 1 . 6 1 . 7 1 . 8
L o a d  ( N )
E x t e n s io n  ( m m )
[ 1 ]
FP
B
M
 
 
Specimen Results: 
Name Value Units 
Average Thickness 5.47 mm 
Average Width 9.79 mm 
Flexural Modulus 927 MPa 
Yield - Elongation -0.06 mm 
Yield - Strain -0.05 % 
Yield - Load 2 N 
Yield - Stress 0.66 MPa 
Peak - Elongation 1.66 mm 
Peak - Strain 1.33 % 
Peak - Load 49.2 N 
Peak - Stress  16.12 MPa 
Break - Elongation 1.66 mm 
Break - Strain 1.33 % 
Break - Load 49 N 
Break - Stress 16.12 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-30%-2.mss 
Specimen Number: 2 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.88 mm 
Average Width 9.78 mm 
Flexural Modulus 1257 MPa 
Yield - Elongation -0.08 mm 
Yield - Strain -0.07 % 
Yield - Load 2 N 
Yield - Stress 0.43 MPa 
Peak - Elongation 1.08 mm 
Peak - Strain 0.93 % 
Peak - Load 50.4 N 
Peak - Stress  14.30 MPa 
Break - Elongation 1.08 mm 
Break - Strain 0.93 % 
Break - Load 50 N 
Break - Stress 14.30 MPa 
 
 
Specimen Comment: 
 
 
 
 123
6/08/2008 
 
Sample ID: mike-30%-3.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.23 mm 
Average Width 9.80 mm 
Flexural Modulus 1092 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 5 N 
Yield - Stress 1.92 MPa 
Peak - Elongation 2.16 mm 
Peak - Strain 1.66 % 
Peak - Load 39.6 N 
Peak - Stress  14.19 MPa 
Break - Elongation 2.16 mm 
Break - Strain 1.66 % 
Break - Load 40 N 
Break - Stress 14.19 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-30%-4.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.79 mm 
Average Width 9.80 mm 
Flexural Modulus 1158 MPa 
Yield - Elongation -0.22 mm 
Yield - Strain -0.18 % 
Yield - Load 2 N 
Yield - Stress 0.49 MPa 
Peak - Elongation 1.45 mm 
Peak - Strain 1.23 % 
Peak - Load 42.5 N 
Peak - Stress  12.41 MPa 
Break - Elongation 1.45 mm 
Break - Strain 1.23 % 
Break - Load 42 N 
Break - Stress 12.41 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-30%-5.mss 
Specimen Number: 5 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.63 mm 
Average Width 9.78 mm 
Flexural Modulus 1029 MPa 
Yield - Elongation -0.15 mm 
Yield - Strain -0.12 % 
Yield - Load 3 N 
Yield - Stress 0.83 MPa 
Peak - Elongation 1.20 mm 
Peak - Strain 0.99 % 
Peak - Load 29.5 N 
Peak - Stress  9.15 MPa 
Break - Elongation 1.20 mm 
Break - Strain 0.99 % 
Break - Load 28 N 
Break - Stress 8.73 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-30%-6.mss 
Specimen Number: 6 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.53 mm 
Average Width 9.84 mm 
Flexural Modulus 1337 MPa 
Yield - Elongation -0.06 mm 
Yield - Strain -0.05 % 
Yield - Load 3 N 
Yield - Stress 1.02 MPa 
Peak - Elongation 1.25 mm 
Peak - Strain 1.01 % 
Peak - Load 43.6 N 
Peak - Stress  13.92 MPa 
Break - Elongation 1.25 mm 
Break - Strain 1.01 % 
Break - Load 44 N 
Break - Stress 13.92 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-35%-1.mss 
Specimen Number: 1 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.53 mm 
Average Width 9.86 mm 
Flexural Modulus 1114 MPa 
Yield - Elongation 0.00 mm 
Yield - Strain 0.00 % 
Yield - Load 6 N 
Yield - Stress 1.87 MPa 
Peak - Elongation 1.70 mm 
Peak - Strain 1.38 % 
Peak - Load 46.0 N 
Peak - Stress  14.64 MPa 
Break - Elongation 1.70 mm 
Break - Strain 1.38 % 
Break - Load 46 N 
Break - Stress 14.64 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-35%-2.mss 
Specimen Number: 2 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 6.17 mm 
Average Width 9.84 mm 
Flexural Modulus 732 MPa 
Yield - Elongation 0.04 mm 
Yield - Strain 0.04 % 
Yield - Load 7 N 
Yield - Stress 1.89 MPa 
Peak - Elongation 1.47 mm 
Peak - Strain 1.33 % 
Peak - Load 46.3 N 
Peak - Stress  11.87 MPa 
Break - Elongation 1.47 mm 
Break - Strain 1.33 % 
Break - Load 46 N 
Break - Stress 11.87 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-35%-3.mss 
Specimen Number: 3 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 6.49 mm 
Average Width 9.88 mm 
Flexural Modulus 598 MPa 
Yield - Elongation -0.10 mm 
Yield - Strain -0.10 % 
Yield - Load 4 N 
Yield - Stress 1.01 MPa 
Peak - Elongation 1.56 mm 
Peak - Strain 1.48 % 
Peak - Load 43.0 N 
Peak - Stress  9.91 MPa 
Break - Elongation 1.56 mm 
Break - Strain 1.48 % 
Break - Load 43 N 
Break - Stress 9.91 MPa 
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Sample ID: mike-35%-4.mss 
Specimen Number: 4 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 6.43 mm 
Average Width 9.78 mm 
Flexural Modulus 879 MPa 
Yield - Elongation -0.05 mm 
Yield - Strain -0.04 % 
Yield - Load 1 N 
Yield - Stress 0.24 MPa 
Peak - Elongation 0.97 mm 
Peak - Strain 0.92 % 
Peak - Load 42.6 N 
Peak - Stress  10.12 MPa 
Break - Elongation 0.97 mm 
Break - Strain 0.92 % 
Break - Load 43 N 
Break - Stress 10.12 MPa 
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Sample ID: mike-35%-5.mss 
Specimen Number: 5 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.70 mm 
Average Width 9.81 mm 
Flexural Modulus 765 MPa 
Yield - Elongation -0.18 mm 
Yield - Strain -0.15 % 
Yield - Load 3 N 
Yield - Stress 1.01 MPa 
Peak - Elongation 1.29 mm 
Peak - Strain 1.08 % 
Peak - Load 33.6 N 
Peak - Stress  10.11 MPa 
Break - Elongation 1.29 mm 
Break - Strain 1.08 % 
Break - Load 34 N 
Break - Stress 10.11 MPa 
 
 
Specimen Comment: 
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Sample ID: mike-35%-6.mss 
Specimen Number: 6 
Tagged: False 
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Specimen Results: 
Name Value Units 
Average Thickness 5.02 mm 
Average Width 9.84 mm 
Flexural Modulus 873 MPa 
Yield - Elongation -0.05 mm 
Yield - Strain -0.03 % 
Yield - Load 3 N 
Yield - Stress 1.30 MPa 
Peak - Elongation 2.56 mm 
Peak - Strain 1.88 % 
Peak - Load 35.6 N 
Peak - Stress  13.78 MPa 
Break - Elongation 2.56 mm 
Break - Strain 1.88 % 
Break - Load 36 N 
Break - Stress 13.78 MPa 
 
 
Specimen Comment: 
 
 
 
 
